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Flooding may occur in western Colorado as a result of snowmelt, long-duration 
general rainstorms, short-duration thunderstorms, or a combination of these events.
The purpose of this study was to evaluate the potential flood hazards for a property 
located along Kannah Creek, in Mesa County, Colorado. The study area, covering
69.1 square miles, includes the Kannah Creek watershed above the point where the 
creek crosses the western section line of Section 6, T 13 S, R 97 W, 6th PM.
Elevation varies within the study area from a maximum of 10,885 feet (ft) to a minimum 
of 5,460 ft above mean sea level. As a result, climate, precipitation, and vegetation 
change across the study area, with apparent zonation of vegetation and soil due to the 
changing climate with elevation, slope, and aspect, as well as underlying geology.
Existing stream flow, reservoir, diversion, precipitation, vegetation, and soil data 
for the Kannah Creek study area were compiled, and input files that characterize the 
study area were developed using existing and research-generated data. The U.S.
Army Corps of Engineers HEC-1 rainfall-runoff model was used to simulate various 
worst-case rainfall and snowmelt scenarios within the study area. Calibration of the 
study area model was not accomplished as a number of required parameters were not 
available, including gaged precipitation, detailed channel geometry and reservoir 
regulation data, and reservoir stag e-storage relationships. The accuracy of the results 




The largest generated rainfall-related peak flow, 2,954 cubic feet per second 
(cfs), was the result of a 24-hour general storm centered over Kannah Creek with a 
0.01 probability. The worst-case snowmelt scenario (worst-case rainfall event 
occurring during snowmelt of a maximum snowpack) resulted in a peak flow of 8,765 
cfs. Maximum snowpack snowmelt with no rainfall resulted in a peak flow of 1,324 cfs. 
The simulation results were compared to values computed using regional regression 
equations, Hazen annual series frequency analysis, gaging records, and local 
estimates. The simulation results are generally higher than the results computed using 
these methods; however they are comparable within an order of magnitude.
Kannah Creek does not appear to be a potential flood hazard to the subject 
property located at the western study area boundary. However, a potential exists for 
overbank flow from an intermittent tributary located adjacent to the property. 
Additionally, as the tributary channel drains an area which contains steep, sparsely 
vegetated slopes, the potential for mass movement also exists. However, flows will 
likely spread out and dissipate with distance away from the tributary channel and 
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Floods are reportedly the most widespread natural hazard in the United States 
(White, 1975). Approximately 6 percent of the land in the continental United States is 
prone to flooding with a proportionate percentage of the population and tangible 
property located in these areas (Hays, 1981). In the last 20 years, legislation has been 
enacted (National Flood Insurance Act of 1968 and Flood Disaster Protection Act of 
1973) to aid flood victims in the form of flood insurance, to construct flood protection 
works, and to conduct flood studies. Of the two types of floods, flash and riverine, the 
first tends to be the most destructive. Flash floods generally occur in a short period of 
time, can be of relatively large volume, and occur with little warning, resulting in great 
loss of life and property damage.
In western Colorado, flash flooding may occur by various single or combined 
mechanisms. In large basins, snowmelt is the main cause of flooding, where as in 
small basins, cloudburst-type storms are the predominate cause for flooding (FEMA, 
1985). However, general rainstorms or general rainstorms combined with snowmelt 
may also result in flooding in other areas (FEMA, 1985). The difference between these 
mechanisms result in various types of flooding, with differences noted in peak flow, 
volume, duration, and/or fluctuation of flow. Snowmelt flooding results in moderate 
peak flow, large volume, long duration, and diurnal flow fluctuation, while cloudburst 
floods have high peak flow, high velocity, small volume, and short duration (FEMA,
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1985). General rainstorms may result in floods of high peak flow and moderate 
duration; however, flood intensity may increase if the rainstorms occur during 
snowmelt, or when the ground is saturated or frozen (FEMA, 1985).
Flood hazard evaluations, by detailed or approximate methods, have been 
conducted for those unincorporated Colorado county areas in which substantial 
development has occurred or projected development or construction are anticipated 
(FEMA, 1985). However, many areas with potential flood hazards have not been 
evaluated. One such area is the focus of this research project. Kannah Creek, a 
tributary of the Gunnison River, is located in the unincorporated part of Mesa County, 
Colorado. Development along this creek predominately consists of ranch land and a 
number of rural homesites. The results of this research project will be used for 
construction site analysis along this creek.
1.1 LOCATION AND ACCESS
The study area is located approximately 20 miles southeast of Grand Junction 
in Mesa County, Colorado (Figure 1-1). The study area encompasses an approximate 
70 square mile (sq mi) area of the Kannah Creek watershed, situated on the west side 
of the Grand Mesa. The study area boundaries extend from the Kannah Creek 
headwaters at the top of the Grand Mesa to the point where Kannah Creek crosses 
the western section line of Section 6, Township (T) 13 South (S), Range (R) 97 West 
(W), 6th principal meridian (PM) (Figure 1-2). The north fork of Kannah Creek and its 





























































































































the north fork with Kannah Creek is downstream of the western study area boundary. 
Access to the lower part of the study area from Grand Junction is south via U.S. 
Highway 50 and east to Kannah Creek Road. The upper part of the study area, 
Kannah Creek headwaters, can be accessed from Grand Junction east via Interstate 
70 to State Highway 65.
1.2 HISTORY OF AREA
The Grand Junction townsite was established in 1881 near the junction of the 
Colorado and Gunnison Rivers after the Ute Indians were relocated to Utah (COE, 
1973). By 1882, irrigation in the Grand Valley (COE, 1976a) and the area surrounding 
Kannah Creek had begun. Water rights along Kannah Creek were appropriated 
beginning in 1881 (State Engineer Office, 1989a). In 1911, the City of Grand Junction 
by way of condemnation proceedings acquired the "Paramount Right" to 7.81 cubic 
feet per second (cfs) of water along Kannah Creek (Bradbury, 1991). The City of 
Grand Junction obtains a majority of their municipal water from the Kannah Creek 
watershed. The City Intake, the point of diversion for the municipal water supply, is 
located within the study area along Kannah Creek approximately 3 miles east of the 
western study area boundary.
Today, much of the Grand Valley area is irrigated, with dominant land uses 
including farming, livestock raising, and orchards (COE, 1976a). Present land use 
along Kannah Creek in the lower part of the study area consists of ranching with a 
number of rural homesites. The majority of the study area, middle and upper basin, is
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located within the boundaries of the Grand Mesa National Forest. A small part of the 
study area, lower and middle basin, is located within Bureau of Land Management 
boundaries.
Historical flooding in the Grand Junction area is documented to have occurred 
in 1884, 1920, 1921, and 1957 along the Gunnison River and in 1884, 1917, 1920, 
1921, 1935, 1952, and 1957 along the Colorado River (COE, 1973; COE, 1976a; COE, 
1976b). The COE (1973) indicated that the most severe flood conditions on the 
Colorado and Gunnison Rivers are likely to occur from late April through June during 
snowmelt. The 1884 flood, the first flood of record along both rivers, is considered the 
most severe in the Grand Junction area (COE, 1976b). Flooding resulted from rapid 
snowmelt during heavy rainfall (COE, 1976b). Studies have indicated that this flood 
had a frequency of approximately once in 300 years (FEMA, 1985). The 1920 flood, 
which occurred in May, is considered the largest flood of record for the Gunnison River 
(COE, 1976a).
No reports documenting the flood history of Kannah Creek were found during 
literature review. However, a U.S. Geological Survey (USGS) gaging station was 
located along the creek downstream from the City of Grand Junction municipal intake 
between 1918 and 1982. These records indicate that the maximum discharge of 
record, 1,640 cfs, occurred on June 6, 1921 (USGS, 1982). This coincides with a 
documented flood along the Gunnison River.
Persons residing along Kannah Creek have observed that annual peak flows 
are primarily related to snowmelt with rainfall sometimes augmenting the peaks, while
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rainfall occurring in the late summer and early fall have also caused high flow events. 
Typically, the annual peak flow of Kannah Creek is approximately 600 cfs (Clark, 1990) 
to 1,000 cfs (Vanover, 1989).
Clark (1990), a 40 year resident along Kannah Creek, indicated that the largest 
peak flow he has observed along Kannah Creek occurred in June 1983 when a 
thunderstorm occurred during snowmelt. The thunderstorm was centered over the 
Shirttail Creek subbasin, above the City Intake. The 1983 flood had an approximate 
2,000 cfs peak flow. This event caused severe bank erosion and channel scouring, 2 
to 2.5 feet (ft) of scour was observed near the western end of the study area. The 
creek also changed its course in this area. Additionally, several irrigation structures 
and a small bridge were destroyed. The snowpack year of record for the Mesa Lakes 
snow course also occurred in 1983 (SCS, 1989b).
Clark (1990) stated that in 1984, Kannah Creek experienced high flows due to 
snowmelt conditions. He has also observed debris laden flows in an intermittent 
tributary which outfalls along the western study area boundary. Such flows occur as a 
result of localized thunderstorm activity in the months of August and September.
Debris typically includes mud, rocks, and trees.
Vanover (1990), the Caretaker of the City Intake, stated that the highest flow he 
has observed in the last 16 years was about 1,500 cfs, which occurred in 1984. At this 
rate, the creek was observed moving 2-ft diameter boulders. He also indicated that in 
July 1981, a flash flood/debris flow occurred along Shirttail Creek, north of the City 
Intake. Debris consisted of boulders, trees, mud, mixed with water. This event
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resulted in channel scour near the confluence of Shirttail Creek and Kannah Creek.
He indicated that this was an unusual occurrence along this intermittent tributary and 
that other long-time residents had not seen an event of this type in this area. 
Additionally, Vanover indicated that in 1985 a landslide occurred below Deep Creek 
Reservoir. A number of landslide scars are apparent today in the mid basin part of the 
study area.
1.3 PURPOSE AND SCOPE OF THE PROJECT
The purpose of this study was to evaluate the potential flood hazards for a 
property located along Kannah Creek at the western study area boundary. The 
objectives included simulating a number of worst-case precipitation scenarios for the 
Kannah Creek study area utilizing theoretical 100-year precipitation volumes to 
generate an estimated 100-year runoff. A 100-year flood has a 1 percent probability of 
occurring in any given year. However, a flood of this size may occur more than once 
in any given year. It is anticipated that a flood of this magnitude can potentially occur 
as a result of a combination of several factors including accelerated snowmelt and 
heavy rainfall occurring simultaneously most likely during the months of May or June. 
The primary objective of this research project was to develop a flow model to simulate 
surface water runoff and flow in this fluvial system. The following were accomplished 
during the research: 1) review of previous work and existing rainfall-runoff models; 2) 
collection of model input data; 3) development of the chosen model using existing 
stream flow, reservoir, diversion, precipitation, vegetation, soil, and other pertinent
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data; and 4) estimation of the 100-year flood based on a number of worst-case 
precipitation scenarios.
1.4 PREVIOUS WORK
This section discusses previous work conducted regionally or in the study area, 
and includes studies of physiographic and predictive methods.
1.4.1 Physiographic Studies
Yeend (1969) studied the Quaternary geology of the Grand and Battlement 
Mesas to evaluate the effects of geologic processes in these areas. Glacial and mass 
wasting processes were of particular interest. Lohman (1965) investigated the geology 
and artesian water supply in the Grand Junction area, north and west of the research 
area. This study included determining well yield and interference, hydrologie aquifer 
properties, chemical water quality, recharge conditions, and investigation of several 
aquifer outcrop areas. A soil survey of Mesa County, conducted between 1959 and 
1969, provides soils information useful for road or structure site selection, and in 
determining land suitability for farming, industry, or recreation (Spears and Kleven, 
1978). This survey does not include the Grand Mesa National Forest lands; however, 
a soil survey is presently underway for that area (Cencich, 1989).
A number of agencies have conducted or are presently conducting 
investigations in this general area. Stream flow data were recorded along Kannah 
Creek between 1918 and 1982. Mean daily flow measurements are available for this
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time period through the USGS in Lakewood, Colorado (USGS, 1989). Recording at 
this gaging station was discontinued in 1982 due to budget reductions. Snowpack 
measurements are recorded, north of the Kannah Creek headwaters area, at the Mesa 
Lakes snow course station (Gorsett, 1989). Snowpack and water equivalence data for 
1937 through the present are available through the Soil Conservation Service (SCS) in 
Grand Junction, Colorado. Preliminary soil survey information for the Grand Mesa 
National Forest lands was also obtained from the SCS in Montrose, Colorado (SCS,
1989a). Site maps that indicate range classification and forest cover type were 
obtained from the U.S. Forest Service in Delta, Colorado for the Grand Mesa National 
Forest (USFS, 1989). Data from these various sources were used during this research 
project.
A number of studies regarding surface water hydrology, and in particular flood 
hydrology, have been conducted and reports written for the foothills or mountain areas 
of Colorado. McCain and Ebling (1979) documented a comprehensive plan for 
collection and analysis of flood data for foothill streams located in the South Platte 
River, Arkansas River, and the Colorado River basins. Suggested research included 
developing methods to analyze flood peaks to obtain annual arrays of snowmelt and 
rainfall peak flow, investigating techniques for flood information transfer, and testing 
and, if required, verifying hydrologie models (McCain and Ebling, 1979).
Costa and Jarrett (1981) reviewed literature regarding historic floods in a 
number of small Colorado mountain watersheds. They investigated seven sites 
reported or believed to have experienced outstanding flood events. Based on their
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investigation, they concluded that debris flows had been misidentified as water floods 
at five of the seven sites. Additionally, they stated that misidentification of debris flows 
as water floods can lead to large errors in terms of the design water flood and rainfall 
estimated for small mountain basins.
Elliott, Jarrett, and Ebling (1982) examined the gage records from 69 
unregulated streams located in the foothill areas of the South Platte River, Arkansas 
River, and the Colorado River basins and identified whether peak flow events on these 
streams originated from either snowmelt or rainfall runoff. The annual rainfall-runoff 
and snowmelt-runoff peak flow data for these 69 stations were presented by water 
year.
Jarrett (1987) studied the flood hydrology of Colorado foothill and mountain 
streams to develop better methods of flood prediction using multidisciplinary analyses 
of streamflow and precipitation data, and paleoflood investigations. He concluded that 
in Colorado above about 7,500 ft, snowmelt runoff dominates and rain does not 
contribute significantly to flood potential, and below this elevation rainfall-produced 
floods predominate. Within the Colorado River basin, the approximate upper elevation 
limit for significant rainfall-runoff flooding is 6,500 to 7,000 ft, and only those basins 
lower than about 7,000 ft have had unit discharges larger than 100 cfs per sq mi 
(Jarrett, 1987). Additionally, paleoflood investigations indicated that no large rainfall 
floods have occurred above about 7,500 ft in Colorado (Jarrett, 1987). Finally, he 
stated that analyses of available rainfall data indicated that very few intense rainstorms
ARTHUR LAKES LIBRARY 
COLORADO SCHOOL 0E M IN k , 
GOLDEN, CO 80401
ER-4083 12
have occurred above 7,500 to 8,000 ft and that those which have occurred above this 
point have been very localized.
Jarrett and Costa (1988) evaluated the flood hydrology of foothill and mountain 
streams in the Colorado Front Range area using precipitation, streamflow, and 
paleoflood data. The findings of their study indicated that methods of computing flood 
characteristics, based on rainfall-runoff modeling, overestimate flood magnitude. 
Additionally, they stated that storm transposition from lower to higher elevations is not 
supported by meteorological, hydrological, and paleoflood data.
Jarrett (1990) described the ongoing research being conducted by the USGS to 
improve the understanding of hydrologie and hydraulic processes in mountainous 
areas. He stated that most hydrologie and hydraulic techniques used in mountainous 
regions are generally unverified, and were developed for lower gradient rivers in 
nonmountainous areas. He concluded that knowledge of data errors (including, 
underestimation of Manning’s roughness coefficient, incorrect evaluation of scour, 
expansion and contraction losses, viscosity, unsteady flow, number of cross sections, 
state of flow, and large stream slope) is essential to mitigate their effects in hydrologie 
or hydraulic studies.
1.4.2 Predictive Method Studies
The Federal Emergency Management Agency supported a flood hazard 
evaluation for unincorporated Mesa County which was conducted in 1976 and revised 
in 1985 (FEMA, 1985). This study estimated the 100-year flood and flood plain extent
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for those areas in which substantial development had occurred or projected 
development or construction were anticipated through 1989. Kannah Creek, the area 
of interest to this research project, was not included in this study. A number of other 
flood hazard evaluations have been conducted for the Grand Junction area including 
evaluations for the Colorado and Gunnison Rivers (COE, 1973) and Colorado River 
and Tributaries (COE, 1976a). Evaluations were also conducted for the Colorado 
River in the Palisade area (COE, 1976b) and for a number of creeks in the Collbran 
area (FEMA, 1981), located north and east of the study area, respectively. These 
studies estimated flood magnitudes and flood plain extents for a number of recurrence 
intervals, ranging from 10 to 500 years, with the 100- and 500-year floods typically 
represented.
Patterson and Somers (1948) presented methods for determining magnitude 
and frequency of floods, recurrence intervals of 1.1 to 50 years, for gaged and 
ungaged streams in the Colorado River basin. Annual peak flood magnitudes were 
also indicated for the gaged streams in this region.
Livingston (1970) evaluated Colorado streamflow data to assess the adequacy 
of the State’s data collection program. Data from 173 gaging stations located in the 
mountains and plains were used in a regression analysis (Livingston, 1970). The 
inactive Kannah Creek USGS gaging station was one of the 163 mountain stations 
utilized in this program (Livingston, 1970). Regression equations were developed for 
the Colorado mountain region based on streamflow and drainage-basin characteristics 
of the gaged streams (Livingston, 1970). Regression analysis results indicated that the
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methods used to describe basin characteristics did not estimate the streamflow 
characteristics within the accuracy set for Colorado streams (Livingston, 1970).
Hedman, Moore, and Livingston (1972) developed regression equations to 
estimate mean annual runoff and peak discharges for ungaged natural streams using 
channel size and shape measurements. Fifty-three gaged sites located on perennial 
natural flow streams in Colorado mountain regions were used in this study (Hedman, 
Moore, and Livingston, 1972). Regression results indicated that the standard error of 
estimates were less than those reported by Livingston (1970) (Hedman, Moore, and 
Livingston, 1972).
Jarrett (1984) developed an equation for predicting Manning’s roughness 
coefficients and for estimating velocity and discharge using multiple regression 
techniques and field data from 21 high-gradient natural streams in Colorado. These 
equations require input of the friction slope and hydraulic radius (or hydraulic depth) 
(Jarrett, 1984). Field data indicated that the roughness coefficient decreases with 
increasing depth and increases with increasing friction slope (Jarrett, 1984).
Kircher, Choquette, and Richter (1985) developed regression equations to 
determine streamflow characteristics for both gaged and ungaged natural-flow streams 
in four hydrologie regions within western Colorado using stream records from 264 
gaging stations. The mean standard error of regression estimates for the mountain 
region, region that includes the study area, ranged from 42 to 158 percent for the 33 
regression relations (Kircher, Choquette, and Richter, 1985).
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1.5 RESEARCH DATA PRESENTATION AND USAGE
As part of this research project a large amount of data were required for the 
characterization of the study area into computer model input files. Figure 1-3 identifies 
the steps by which raw data were compiled, used to generate new data, stored for 
further computations, and assembled into various model input files. The selected 
rainfall-runoff model was then run with these input files to generate the study's results. 
Input data used during this research project are compiled on three computer disks 
located in the appendices of this report.
Section 2 contains a discussion of the general characteristics of the Kannah 
Creek watershed, while Section 3 contains detailed discussions of data development 
and use in the model input files. Section 4 presents the modeling results for both 
rainfall and snowmelt simulations. These results are evaluated in Section 5. Lastly, in 
Section 6 the flood potential for a subject property located within the Kannah Creek 
Study Area is presented and evaluated.
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Figure 1-3. Data Usage Flow Chart.
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Chapter 2 
GENERAL CHARACTERISTICS OF THE KANNAH CREEK BASIN
The following subsections discuss the general characteristics of the Kannah 
Creek Basin including the topography, climate, vegetation, geology, geomorphology, 
and hydrology.
2.1 TOPOGRAPHY
Elevation varies throughout the study area from a maximum of 10,885 ft above 
mean sea level at Kannah Creek’s headwaters in the most eastern point of the basin, 
to a minimum of 5,460 ft at the western boundary of the study area. USGS 
topographic maps are available for this area, including 7.5 minute series 
(quadrangles - Juniata Reservoir, Indian Point, Hells Kitchen, Mesa Lakes, Lands End, 
and Grand Mesa) and county map (1:50,000 scale) series (Mesa County - Sheets 2, 3, 
and 6).
Three distinct topographic divisions are found within the study area (Figure 2-1). 
The upper basin comprises the top of the Grand Mesa to the mesa’s rim. This area is 
characterized by relatively gentle slopes (about 1 to 9 percent) with a westerly aspect 
and accounts for about 45 percent of the total study area. Very steep slopes (about 12 
to 37 percent) are found in the middle basin area. This part of the study area, 
approximately 53 percent of the total area, is located from the rim to the base of the 





































gentle in slope (about 3 to 6 percent) and includes the area from the base of the 
Grand Mesa to the western boundary of the study area. This part exhibits a westerly 
aspect and accounts for about 2 percent of the total study area.
2.2 CLIMATE
Climate varies across the study area as a result of the change in elevation.
Arid to subarid conditions exist at the lower elevations and humid to subhumid 
conditions are found on top of the Grand Mesa (Yeend, 1969). Temperature is not 
recorded within the study area. However, temperature records for Grand Junction, 
Colorado indicate that the average annual temperature is about 53 degrees Fahrenheit 
(°F). The period of record for this data is 86 years. January is the coldest month with 
an average high and low of 36 and 15 °F, respectively. The warmest month is July, 
with an average high and low of 92 and 64 °F, respectively (Gale Research Company, 
1981).
During the winter and spring, precipitation originates from the west (Cool 
Pacific), during the summer from the southeast (Gulf of Mexico), and during the fall 
from the southwest (Warm Pacific) (Yeend, 1969). Figure 2-2 indicates the general 
source regions for precipitation in western Colorado. The Cool Pacific source region 
supplies the majority of moisture to this area, with the Gulf of Mexico and Warm Pacific 
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Figure 2-2. Sources of Precipitation in Western Colorado.
Source: Modified from Yeend, W. E. 1969. Quaternary Geology of the Grand and Battlement Mesas Area, Colorado: 
Geological Survey Professional Paper 617, 47 p.
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Precipitation in Mesa County varies with elevation, with the lower areas 
receiving less than 10 inches annually to as much as 20 to 30 inches of precipitation at 
the higher elevations (Yeend, 1969; FEMA, 1985). Regionally, August through October 
are generally considered the wettest months as a result of late summer thunderstorms 
and early fall general rainstorms (FEMA, 1985). There are no precipitation recording 
stations located in the study area. However, Yeend (1969) indicated that Collbran, 
Colorado, located northeast of the study area at an elevation of 6,000 ft, has no well- 
defined wet season, but rather that maximum precipitation occurs between March and 
May, followed by a secondary wet period between August and October.
Average annual snowfall in Mesa County ranges from 19 inches for lower 
elevations (FEMA, 1985) up to 56 inches at the Mesa Lakes snow course station, with 
the greatest snowpack generally in April (Yeend, 1969). The Mesa Lakes station is 
located approximately 1 mile north of the Kannah Creek northern basin boundary on a 
landslide bench below the mesa's rim and is about 900 ft lower in elevation than the 
highest point within the basin. Snowfall typically begins accumulating in late October, 
with snowmelt generally occurring between late April to early July (FEMA, 1985).
2.3 VEGETATION
Vegetation in the study area also changes with elevation. Regionally, 
vegetation generally ranges from subalpine fir, aspen, Engleman spruce, and 
lodgepole pine trees at elevations from timberline to 8,000 ft; pinon pine, juniper, oak, 
big sagebrush, and Douglas fir trees at elevations from 8,000 to 5,000 ft; to desert
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shrubs, cottonwood trees, willow trees, and an understory of hardy grasses along 
streams (FEMA, 1985).
Figure 2-3 is a vegetation map for the Kannah Creek study area. This map 
shows the zonation of vegetation by elevation. The map was compiled from 
information obtained from the U.S. Forest Service site maps for the Grand Mesa 
National Forest (USFS, 1989) and from field reconnaissance. Vegetation found within 
the Kannah Creek study area include cottonwood, willow, pinyon, juniper, aspen, 
interior Douglas fir, Engleman spruce, subalpine fir, and mixed Conifer trees; 
sagebrush; Gambel oak; and a variety of browse, shrubs, and grasses. These are 
grouped into vegetation types based on occurrence for mapping purposes. Nine 
vegetation types are found within the study area. Figure 2-4 indicates the extent of 
coverage by the various vegetation types with respect to the total study area. The 
grassland - meadow vegetation type covers the largest percentage of area, about 34 
percent, while Engleman spruce - subalpine fir, aspen, Gambel oak, and Pinyon - 
Juniper vegetation types each cover 10 to 16 percent of the total study area.
2.4 GEOLOGY
A generalized cross-section between Montrose and Grand Junction, Colorado is 
schematically shown on Figure 2-5 which indicates the regional bedrock structure in 
this area. The geologic bedrock units found in the study area (Figure 2-6) include the 
Cretaceous Mancos Shale which outcrops in the lower and mid basin areas; the 
Cretaceous Mesaverde and the Tertiary Wasatch and Green River Formations
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exposed in the mid basin area; and the Tertiary basalts which cap the mesa. The 
sedimentary units dip 2 to 5 ° northward towards the Piceance Creek basin, a 
northwest trending broad structural and depositional basin (Yeend, 1969). Quaternary 
deposits which locally cover bedrock units in this area include glacial, alluvial, and 
colluvial facies.
The Mancos Shale consists of a thick sequence of olive gray to lead gray fissile 
shale containing a few sandy zones and thin sandstone beds and some light buff or 
cream colored chalky shale (Lohman, 1965). The shale has a very low permeability 
and is not water bearing (Lohman, 1965). The total thickness of the Mancos Shale is 
reportedly about 3,800 ft in the Grand Mesa area (Zapp, 1960 cited in Lohman, 1965). 
The Mesaverde Formation contains brown sandstone interbedded with gray shale, 
carbonaceous shale, and thin coal beds (Yeend, 1969). This unit is 2,000 to 3,300 ft 
thick in the Grand and Battlement Mesas area (Yeend, 1969). The Wasatch Formation 
consists of three members. The lower and upper members contain variegated shale 
and clay and lenticular beds of sandstone, conglomerate, and limestone, and the 
middle member consists of gray and brown sandstone (Yeend, 1969). The formation 
as a whole ranges in thickness from 800 to 2,900 ft (Yeend, 1969), but is reportedly
1,000 thick along the Grand Mesa (Lohman, 1965). The Green River Formation 
consists of a number of members. Gray and brown sandstone with minor amounts of 
gray siltstone and marlstone, and a few thin tan low-grade oil-shale beds are found in 
the lower member (Yeend, 1969). The Parachute Creek member consists of black, 
brown, and gray oil shale, with minor gray siltstone and gray and brown sandstone
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(Yeend, 1969). The Evacuation Creek member is a light-brown and gray sandstone 
and gray marlstone and siltstone (Yeend, 1969). The thickness of the Green River 
Formation is about 800 ft along the Grand Mesa (Lohman, 1965). Basalt flows, 200 to 
500 ft thick, cap the Grand and Battlement Mesas (Yeend, 1969).
Figure 2-7 is a soils map for the Kannah Creek study area. This map shows 
the zonation of soil types which correlate with the underlying bedrock units. The map 
was compiled from information obtained from the SCS preliminary soil survey maps for 
the Grand Mesa National Forest (SCS, 1989a) and from the Mesa County soil survey 
(Spears and Kleven, 1978). Twenty-five soil types are found within the study area 
(Table 2-1). Figure 2-8 indicates the extent of coverage by the various soil types with 
respect to the total study area. Seven soil types cover between 6 and 12 percent each 
of the total area, with the Cryoboralfs, Cryochrepts, and Rubble Land (5 to 65 percent 
slopes) soil type covering the largest percentage of area, about 12 percent.
The SCS (1962) defines soils based on surface features (slope and stoniness) 
and internal characteristics (texture, structure, color, chemical composition, thickness, 
and other pertinent properties of the soil profile horizons). Field and laboratory data 
are used to characterize soils based on chemical, physical, biological, and 
mineralogical features of the soil profile horizons, the geologic nature of the parent 
rock, and geomorphic characteristics of the landscape (SCS, 1962). The soil maps 
used in this study identified map units that are equivalent primarily to soil complexes 
and soil associations. A soil complex contains two or more soils that are either so 
intermingled or so small that they can not be shown separately on a map, while a soil
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SoiM Agua Fria - Clapper Complex (Stony Land) 5 to 30
Soil 2 Agua Fria - Clapper Complex (Stony Land) 30 to 65
Soil3 Behanin, moist-Doughspon Complex (very stony) 5 to 30
Soil4 Boralfs and Borolls (slumped) 5 to 65
SoilS Causewa, warm-Rock Outcrop Association 0 to 12
SoilG Cowood - Endlich Complex 0 to 15
Soil? Cryaquolls and Cryohemists 0 to 10
SoilS Cryoboralfs, Cryochrepts, and Rubble Land 65 to 150
Soil9 Cryoboralfs, Cryochrepts, and Rubble Land 5 to 65
Soil 10 Cryoborolls, Cryoboralfs, and Rock Outcrop -
S o illl Doughspon Gravelly Loam 5 to 15
Soil12 Doughspon, well drained - Wesdy Complex 5 to 25
Soil 13 Fluventic Haploborolls (Billings Silty Clay Loam) 0 to 5
Soil 14 Godding - Kolob, moist-Delson Complex (stony) 5 to 25
Soil 15 Godding - Kolob, moist-Delson Complex (very stony) 25 to 65
Soil 16 lldefonso Cobbly Sandy Loam 3 to 12
Soil 17 Grandmesa - Elkwalow - Doughspon Complex 0 to 10
Soil 18 Irson - Namela, dry-Doughspon, dry Complex (extremely stony) 0 to 10
Soil 19 Namela, cool-Bullbasin - Doughspon Complex (extremely stony) 0 to 10
Soil20 Cryaquolls and Cryohemists 0 to 10
Soil21 Rubble Land 5 to 150
Soil22 Skisams - Secondset, dry Complex 0 to 25
Soil23 Torriorthents, cool-Rock Outcrop Complex (Badland/Utaline-Shale Outcrop Complex) 40 to 150
Soil24 Needle ton - Storm - Mulgon Families 5 to 40
Soil25 Utaline Stony Loam 3 to 25
Sources: Soil Conservation Service. [1989a], Preliminary Soil Survey Maps for the Grand Mesa National Forest.
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Figure 2-8. Percentage of Soil Types within the Kannah Creek Study Area.
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association consists of adjacent soils which are shown as one unit on a map due to 
time and budget constraints (Spears and Kleven, 1978).
2.5 GEOMORPHOLOGY
The Grand Mesa is an erosional remnant of a Tertiary basalt plain, covering an 
approximate 50 sq mi area (Yeend, 1969). In late Tertiary, epeirogenic uplift caused 
streams to cut through the basalt and underlying sedimentary rocks, with more than
5,000 ft of downcutting resulting to present day (Yeend, 1969). Several periods of 
glaciation occurred during the late Pleistocene, with an icecap covering much of the 
mesa and which flowed into the lower valleys (Yeend, 1969). Numerous lakes and 
depressions apparent on the surface of the mesa today were created as a result of 
glacial erosion and deposition. Landslides, slumps, and mudflows have also changed 
the topography of the Grand Mesa, with extensive slumping of large basalt blocks 
greatly reducing the mesa’s areal extent (Yeend, 1969). The Wasatch Formation and 
an unnamed unit directly underlying the basalt cap contain claystones in which 
widespread mass wasting has occurred (Yeend, 1969). Measurement of stake 
displacement has indicated that certain large slump blocks are moving at rates of 0.05 
to 0.5 ft per year (Yeend, 1969).
A number of processes have actively shaped the Kannah Creek Basin to 
produce the present day topography, including glacial, mass movement, fluvial, and 
wind. Glacial erosion of the basalt layer created numerous depressions on the top of 
the mesa. Movement and melting of the icecap resulted in deposition of glacial
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deposits. Yeend (1969) indicated that mass movements have influenced topography 
even more than glacial processes. A number of recent landslide scars are apparent in 
the mid basin area, and as stated previously, movement of slump blocks along the rim 
of the mesa is also presently very active.
Kannah Creek and numerous tributaries have eroded into the soft sedimentary 
bedrock underlying the basalt cap and created an extensive drainage network in the
mid and lower parts of the study area. The badlands topography evident at the base
of the mesa indicates fluvial effects on the Mancos Shale.
2.6 HYDROLOGY
The following subsections discuss the surface water and groundwater hydrology 
of this area on a regional and local basis.
2.6.1 Surface Water
The study area encompasses a part of the Kannah Creek Drainage Basin 
(Figure 1-2). This watershed is part of the Gunnison River Basin which is a tributary 
basin of the Colorado River. The Kannah Creek Drainage Basin covers an 
approximate 125 sq mi area, while the study area covers 69.1 sq mi which includes the 
Kannah Creek headwater area to the point where the creek crosses the western 
section line of Section 6, T 13 S, R 97 W, 6th PM.
The headwaters of Kannah Creek are located on top of the Grand Mesa. The 
perennial creek begins its southwesterly flow at the top of the mesa and empties into
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the Gunnison River approximately 27 miles downstream. A number of intermittent 
tributaries empty into Kannah Creek. Many lakes and depressions created as a result 
of glacial activities on the Grand Mesa were modified for use as reservoirs. Surface 
water from 13 regulated reservoirs and several small lakes flow into Kannah Creek via 
a number of tributary creeks. The reservoirs, utilized for irrigation and municipal water 
storage, offer minimal flood protection. Two operable diversion ditches are located 
along Kannah Creek above the inactive USGS gaging station and three additional 
operable ditches divert flow along the remaining length of the creek to the lower study 
area boundary. The most significant diversion is for the City of Grand Junction 
municipal water supply. Water is diverted into the city intake pipeline about one 
quarter of a mile upstream from the inactive USGS gaging station.
2.6.2 Groundwater
Regionally, unconfined groundwater is relatively scarce, with small amounts of 
shallow groundwater locally found within alluvium and soil, weathered rock, arroyo fill, 
or terrace deposits (Lohman, 1965). However, when located in sufficient quantity, such 
groundwater is generally too highly mineralized for domestic use (Lohman, 1965). 
Confined groundwater in the Grand Junction area is found within four artesian aquifers, 
including the Entrada Sandstone, the Windgate Sandstone, lenticular sandstones of the 
Salt Wash Member of the Morrison Formation, and the Dakota Sandstone and 
sandstones of the Burro Canyon Formation (Lohman, 1965). The two principal 
aquifers are the Entrada and the Windgate (Lohman, 1965). The top of the Entrada
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Sandstone is usually encountered in wells at depths ranging from 600 to 800 ft in the 
Grand Junction area (Lohman, 1965). Recharge of the confined aquifers mainly 
occurs where streams cross the outcrops, with minor recharge resulting from direct 
precipitation (Lohman, 1965). Groundwater movement within the Entrada Sandstone 
has been calculated to be about 5 ft per year (Lohman, 1965). Probable natural 
discharge from these aquifers occurs throughout the Piceance Creek Basin (Lohman, 
1965).
Locally, shallow unconfined groundwater occurs along Kannah Creek in the 
alluvial deposits, while confined groundwater is likely to occur in the aforementioned 
aquifers and the sandstone portions of the Mesaverde, Wasatch, and Green River 
Formations. Domestic water supplies within the study area are predominately obtained 
from the City of Grand Junction water supply system, the Purdy Mesa Livestock Water 
Company distribution system, or water is hauled by truck and stored in cisterns. 
Irrigation water in this area is obtained from Kannah Creek via diversion ditches.
Recharge to the unconfined system likely occurs along losing portions of 
Kannah Creek, intermittent tributary creeks, or within lakes and reservoirs, while 
discharge occurs along gaining portions of the creek. Recharge to the confined 
groundwater aquifers located below the Mancos Shale is probably minimal due to the 
thickness of this unit in the study area. However, recharge to the sandstone portions 
of the Mesaverde, Wasatch, and Green River Formations likely occurs at points where 
Kannah Creek crosses these units. Groundwater discharge from the confined aquifers 




This section discusses the development of the input files for the hydrologie 
model used in this study. Selection of the model, basin and subbasin delineation and 
input development, delineation of channel routing input, determination of reservoir 
routing input, surface water and groundwater interaction, compilation of precipitation 
input, and development of snowmelt input are discussed.
3.1 HYDROLOGIC MODEL SELECTION
Hydrologie simulation models used for watershed analysis include lumped 
parameter, distributed parameter, event, continuous, physically based, stochastic, 
numerical, and analytical models (Bedient and Huber, 1988). A number of surface 
water models were reviewed during the initial stages of this study. Models which were 
developed for storm water management in urban areas were not investigated as the 
study area includes agricultural, rangeland, and forest land uses.
Single event models require less extensive data to generate storm hydrographs 
and route flow than do continuous models which use long-term water balance 
equations (Bedient and Huber, 1988). Continuous models were not investigated due to 
the extensive nature of data required to run these models. While various types of input 
data for the study area was located during literature review, area specific infiltration,
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gaged precipitation data, baseflow, continuous reservoir regulation data, and channel 
geometry data were not available.
Two event-type models were considered for use in this study, including the 
SCS Technical Release (TR) - 20 and the U.S. Army Corps of Engineers (COE) 
Hydrologie Engineering Center (HEC) - 1 models. These models are among the most 
widely used for typical watershed analysis (Bedient and Huber, 1988). The HEC-1 and 
SCS TR-20 models produce similar results, with the SCS TR-20 routing procedures 
being somewhat simpler (Bedient and Huber, 1988). However, the SCS TR-20 model 
is designed to be rainfall specific and does not consider snowmelt as part of the model 
simulation. As both rainfall and snowmelt affect this study area, the HEC-1 model was 
chosen to simulate watershed response to both forms of precipitation.
The HEC-1 model is designed to simulate surface runoff response to 
precipitation by representing a river basin as an interconnected system of hydrologie 
and hydraulic components (COE, 1990). This model has the rainfall-runoff features of 
most hydrologie simulation models, while also providing the ability to simulate snowfall 
and snowmelt, route flow through reservoirs or diversions, and analyze dam 
overtopping and structural failures. The HEC-1 model allows the user to choose from 
a number of methods for loss rate analysis (initial and uniform, HEC exponential,
Green and Ampt, SCS curve number (CN), and Holtan), surface runoff calculations 
(direct input unit hydrograph, Clark unit hydrograph, Snyder unit hydrograph, time-area 
input, SCS dimensionless unit hydrograph, kinematic overland flow, kinematic wave 
channel, and Muskingum-Cunge diffusion channel), and flood routing (Muskingum,
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Muskingum-Cunge diffusion channel, kinematic wave channel, Straddle/Stagger 
parameters, and modified Puls) (COE, 1990).
The overall assumption for the HEC-1 model is that hydrologie processes can 
be represented by model parameters which reflect average conditions within a 
subbasin (COE, 1990). The HEC-1 model contains a number of limitations, including: 
1) simulations are limited to a single event; 2) results are in terms of discharge, not 
stage; 3) streamflow routings are performed by hydrologie routing methods and do not 
reflect the full St. Venant equations; and 4) reservoir routings are based on the 
modified Puls techniques (COE, 1990).
As stated previously, the HEC-1 model allows the user to choose various 
infiltration loss-rate, hydrograph computation, and flood routing methods. A single 
method or a combination of different methods may be used throughout the model input 
file. Based on the available soils and vegetation data for the Kannah Creek study 
area, the SCS CN method was chosen for use as the infiltration loss-rate method for 
rainfall simulations. In conjunction with this loss-rate method, the SCS dimensionless 
unit hydrograph computation method was chosen for surface runoff calculations. A 
specific channel routing method was not chosen prior to the development of the input 
file, as a number of methods, including kinematic wave, Muskingum, and modified 
Puls, were to be used to determine the best suited routing method for this particular 
area. The SCS infiltration loss-rate method limits calculation of losses to snow-free 
ground, therefore a different loss-rate method was needed to conduct the snowmelt
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simulations. The initial and constant infiltration loss-rate method was chosen for 
snowmelt simulations.
3.2 RUNOFF COMPUTATION AND HYDROGRAPH DEVELOPMENT
Runoff was computed for the Kannah Creek study area using the SCS CN 
method in conjunction with the SCS dimensionless unit hydrograph.
3.2.1 Runoff Computation
The SCS CN method is widely used for calculating direct runoff volumes from 
rainfall depths (Branson et al., 1981). CNs are defined as index numbers which 
indicate the runoff potential for hydrologie soil cover complexes (Wilkes and King,
1984). The hydrologie soil cover complex is a combination of the hydrologie soil group 
and the land use and treatment class (Wilkes and King, 1984), and is also a function of 
the antecedent soil moisture condition (McCuen, 1989). Original soil types were 
classified based on rainfall-runoff data obtained from small research watersheds or 
infiltrometer plots (SCS, 1972). Research watersheds have a single soil group and 
vegetation complex (Wilkes and King, 1984). However, the majority of soils are 
classified based on comparison of soil profiles with previously classified soil profiles 
(SCS, 1972). The SCS developed four hydrologie soil groups, A through D, to classify 
soils. These are defined in Table 3-1, with Group A soils having the lowest runoff 
potential and Group D soils having the highest runoff potential.
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Soil Group Description
A Soils having high infiltration rates even when thoroughly 
wetted and consisting chiefly of deep, well to excessively 
drained sands or gravels. These soils have a high rate of 
water transmission and a low runoff potential.
B Soils having moderate infiltration rates when thoroughly 
wetted and consisting chiefly of moderately deep to deep, 
moderately well to well drained soils with moderately fine to 
moderately coarse textures. These soils have a moderate 
rate of water transmission.
C Soils having slow infiltration rates when thoroughly wetted 
and consisting chiefly of soils with a layer that impedes 
downward movement of water, or soils with moderately fine 
to fine texture. These soils have a slow rate of water 
transmission.
D Soils having very slow infiltration rates when thoroughly 
wetted and consisting chiefly of clay soils with a high swelling 
potential, soils with a permanent high water table, soils with a 
claypan or clay layer at or near the surface, and shallow soils 
over nearly impervious material. These soils have a very 
slow rate of water transmission and a high runoff potential.
S C S Soil Conservation Service
Source: Soil Conservation Service. 1972, August. SCS National Engineering Handbook, Section 4 Hydrology.
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The SCS CNs were developed recognizing that the antecedent soil moisture 
conditions can have an effect on the volume and rate of runoff (McCuen, 1989). Three 
antecedent moisture conditions (AMCs), I, II, and III, were defined by SCS and are 
described in Table 3-2. CNs for AMC II are listed in various source documents (e.g., 
McCuen, 1989; SCS, 1972; Wilkes and King, 1984), with tables provided in these 
documents which allow the user to convert from AMC II to either AMC I or III. The CN 
is related to watershed storage as follows:
S" = " W  ' 10 (3-1)
where Sw = Watershed storage in inches
CN = Curve number
Before runoff can occur, the initial abstraction, which consists of interception, 
infiltration, and surface storage, must be satisfied (SCS, 1972). The empirical 
relationship between watershed storage and initial abstraction was developed based on 
data from small experimental watersheds (SCS, 1972) and is as follows:
/a = 0.2SW (3.2)
where la = Initial abstraction in inches
Sw = Watershed storage in inches
After runoff begins, additional infiltration losses occur, controlled by the rate of 
soil surface infiltration, rate of soil profile transmission, or soil profile water-storage 
capacity (SCS, 1972). As indicated by Equation 3.2, 80 percent of the potential 
maximum retention (watershed storage) occurs after the initial abstraction is satisfied 
(SCS, 1972). Runoff is computed using the following equation (SCS, 1972):
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Total 5-day Antecedent Rainfall (inches)
Dormant Season Growing Season
1
Lowest runoff potential - 
soils are dry but not to 
wilting point; satisfactory for 
plowing or cultivation.
less than 0.5 less than 1.4
II Average condition 0.5 to 1.1 1.4 to 2.1
III Highest runoff potential - 
soils are saturated from 
antecedent rains; heavy 
rainfall, or light rainfall and 
low temperatures.
over 1.1 over 2.1
SCS Soil Conservation Service
Sources: Soil Conservation Service. 1972, August. SCS National Engineering Handbook, Section 4 Hydrology. 
McCuen, R. H. 1989. Hydrologie Analysis and Design. Englewood Cliffs, N.J.: Prentice-Hall, Inc.
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Runoff volume in inches 
Rainfall in inches 
Watershed storage in inches
Several investigators have conducted sensitivity type analyses to show the 
relative importance of the various input parameters required for use in the SCS CN 
runoff method. Hawkins (1975) conducted an error analysis to determine the relative 
impact in which errors in the estimated precipitation and CNs would have on the 
calculated runoff value. He concluded that the calculated runoff volume is more 
sensitive to the estimated CN than to the estimated rainfall depth when considering 
rainfall depths up to 9 inches (Hawkins, 1975). Williams (1990) also conducted a 
sensitivity analysis for a sample basin in which he increased and decreased by 12.5 
percent the precipitation, basin area, lag time, and CN input values. Peak flow results 
indicated that adjustments to the CN had the most effect (+48 and -41 percent change 
in runoff), while adjustments to the lag time had the least effect (+7 and -9 percent 
change in runoff) (Williams, 1990).
3.2.2 Hydrograph Development
A hydrograph indicates the rate of flow versus time in graphical form at a 
particular stream section (SCS, 1972). The SCS dimensionless unit hydrograph was 
developed using natural unit hydrographs obtained from watersheds that varied in size 
and geographical location (SCS, 1972). A unit hydrograph results from 1 inch of
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precipitation excess (equals 1 inch volume of runoff) that is generated uniformly over a 
watershed at a uniform rate during a specified period of time (McCuen, 1982). The 
area under the unit hydrograph equals the runoff volume as calculated by Equation 3.3 
(McCuen, 1982). A dimensionless unit hydrograph is developed using ratios of the 
time to peak and the peak rates as the plotting units from many unit hydrographs 
(SCS, 1972).
The SCS dimensionless unit hydrograph is curvilinear in shape and can be 
approximated by a triangular unit hydrograph (McCuen, 1982). The peak discharge of 







484 A Q 
7
Peak discharge in cfs 
Watershed area in sq mi 
Runoff volume in inches
t p ^  + l
Time to peak in hours (hr)
Duration of unit excess rainfall in hr 
Watershed lag in hr
(3.4)
(3.5)
The watershed lag time is the time from the center of mass of excess rainfall to 
the time to peak of a unit hydrograph (SCS, 1972). The lag time is related to the time 




Watershed lag in hr 
Time of concentration in hr
(3.6)
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The time of concentration is defined as the time it would take for runoff to travel 
from the most remote point in the watershed to the point of interest (SCS, 1972). In 
relation to the unit hydrograph, the time of concentration is defined as the time from 
the end of excess rainfall to the point of inflection on the hydrograph (SCS, 1972).
Finally, the runoff hydrograph for a watershed is computed by multiplying the 
precipitation excess for each individual duration time interval by the ordinates of the 
unit hydrograph, then the unit hydrograph is translated a length of time equal to the 
duration (McCuen, 1982). This process is repeated for each duration time interval, 
with the results being summed to produce the runoff hydrograph (McCuen, 1982).
A hydrograph can be computed for any watershed based on a number of 
individual unit hydrographs which represent subwatershed areas which are uniform in 
shape (SCS, 1972). The Kannah Creek study area was subdivided into 76 subbasins, 
as discussed in Section 3.3, to divide that part of the watershed within the study area 
into as uniformly shaped hydrologie areas as possible. The CN method was used to 
compute the lag time for the individual study area subbasins. This method was 
developed for areas which comprise less than 2,000 acres (3.1 sq mi), and covers a 
range of conditions from heavily forested watersheds with steep channels to meadows 
(SCS, 1972). The equation for the CN lag method is as follows (SCS, 1972):
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L = /°-8 (S  + 1)°-7 (3.7)
1900 V05
where L Watershed lag in hr
Hydraulic length of watershed in ft
Average watershed land slope in percentY
and
(3.8)
where Sw = Watershed storage in inches
CN’ = CN
The average watershed land slopes for the study area subbasins were 
calculated using the equation listed below (Wilkes and King, 1984).
The lag time and average slope for the study area subbasins were input into a 
spreadsheet for storage (Appendix B - filename KSublnp.WQI).
3.3 BASIN AND SUBBASIN DELINEATION AND INPUT DEVELOPMENT
The Kannah Creek Drainage Basin boundaries within the study area were 
delineated using USGS 7.5 minute topographic quadrangle maps. The study area 
encompasses a total of 69.1 sq mi from the drainage basin’s topographic divide on the





Average watershed land slope in ft per ft 
Watershed height in ft, elevation difference from high to 
low point
Length of contour in ft, located at the indicated 
percentage of the watershed height (Z)




top of the Grand Mesa to the point where Kannah Creek crosses the western section 
line of Section 6 , T 13 S, R 97 W, 6th PM. Within this area, 76 subbasins were 
delineated based on the location of subdrainage areas for the numerous intermittent 
tributary creeks or based on the location of the 13 reservoirs. Figure 3-1 identifies 
these 76 subbasins and their respective subbasin identification numbers. The initial 
input file developed for this study utilized these 76 subbasins. However, as discussed 
in Section 3.9 in order to simulate longer duration rainfall events, a number of the 
subbasins were combined with adjacent subbasins to remove those which had very 
small lag times. Additionally, in order to simulate snowmelt, discussed in Section 3.8, 
the 76 subbasins were combined and a new input file was created to represent the 
study area as one basin.
The required model input parameters for the individual 76 subbasins included 
subbasin identification number, area, CN, and lag time. In order to determine these 
input parameters a number of computations or determining steps were conducted. 
These are discussed in Subsections 3.3.1 (computation of areas) and 3.3.2 
(computation of CNs). Additionally, a number of subbasin parameters were measured 
from the USGS 7.5 minute topographic quadrangle maps. These included maximum 
and minimum elevation, length of the 25, 50, and 75 percent contour lines, and particle 
flow path length for each individual subbasin. Lengths were measured twice using a 
planimeter, and the average length was calculated. These data were then used to 
calculate difference in elevation, average subbasin slope, and in conjunction with the 
CN to calculate the computation lag time for each subbasin.
ER-4083 48
ER-4083 49
3.3.1 Geographical Information System Usage
The subbasin area measurements were determined using ARC/INFO®, a 
geographical information system (GIS) computer software. GIS is essentially a tool for 
collecting, storing, retrieving, transforming, and displaying spatial data from the real 
world (Burrough, 1986). A tracing of the basin and subbasin map was scanned and a 
digital representation of this map created. Tic marks which identified latitude-longitude 
intersection marks were also indicated on the tracing so that the scanned map could 
be transformed to real world coordinates after a coverage was created. A coverage is 
a map data file in ARC/INFO® format (Soller et al., 1990). The coverage was then 
edited to eliminate any scanning errors. Coverages are typically edited to remove 
unwanted lines, gaps between lines, and adjust positions of select lines (Soller et al., 
1990). In ARC/INFO® each multi-sided figure which represents a map area is called a 
polygon (Burrough, 1986). Each subbasin on this coverage is equivalent to a polygon. 
The polygons in the edited coverage were then labeled with subbasin identification 
numbers. As part of ARC/INFO®, the areas of all polygons were calculated. This is 
equivalent to the area of each subbasin. The subbasin area data were input into a 
spreadsheet for storage and use in further computations (Appendix B - filename 
KSublnp.WQI). Figure 3-1 is the subbasin map for the Kannah Creek study area 
which was produced using ARC/INFO®. A detailed discussion of the principles of GIS 
can be found in Burrough (1986), while Soller et al. (1990) discusses map scanning 
and digital editing in a user’s manual format.
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A soils map for the study area was compiled using data obtained from the SCS 
(SCS, 1989a; Spears and Kleven, 1978), while a vegetation map was compiled using 
data obtained from the USES (1989) and data obtained during field reconnaissance. 
Tracings of these maps were scanned for input into ARC/INFO® as previously 
described. Figure 2-3 and 2-7 are the vegetation and soil type maps for the Kannah 
Creek study area produced using ARC/INFO®. The vegetation and soil coverages 
were then individually overlaid on a subbasin coverage to create a new combined 
coverage. New polygons were created as a result of the combination of these 
coverages. The new polygons represented vegetation or soil type polygons that were 
located within each individual subbasin. The areas of these new polygons were then 
input into a dBASE™ database. Similar vegetation and soil type polygons were 
summed by subbasin so that a total vegetation or soil type area within each subbasin 
could be computed. These totals were then input into spreadsheets for storage and 
use in further computations (Appendix B - filenames KanVeg.WQI and KanSoil.WQI).
3.3.2 Curve Number Development
The vegetation and soil type information obtained using ARC/INFO® were used 
to calculate weighted CNs for the individual subbasins. The SCS hydrologie soil group 
classifications were determined for each of the 25 soil types in the Kannah Creek study 
area and input into the soil spreadsheet (Appendix B - filename KanSoil.WQI). An 
additional soil type (Soil27) was created during research. In 11 of the 26 subbasins 
which contained soil type 23 (Soil23) the soil group classifications were changed to
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better represent this soil type in the middle part of the study area. This new soil type 
has a lower runoff potential in the middle basin area as compared to the lower part of 
the study area.
The soil types in the Kannah Creek study area contained a combination of 
many different soils, the classifications comprised a percentage of the four hydrologie 
soil groups. This information was weighted by the area covered for each soil type 
within an individual subbasin (Appendix B - filename KanSoil.WQI). This resulted in 
an equation containing differing coefficients for the hydrologie soil groups A through D 
(i.e., CN for Subbasin n = caA + cbB + ccC + cdD), with the coefficients equaling 1.
The CNs for the hydrologie soil cover complexes A through D are dependent on 
the type and density of vegetation present within each subbasin (i.e., land use and 
treatment class). These values were determined using the hydrologie soil cover 
complex and associated CN graphs provided in Procedures for Determining Peak 
Flows in Colorado (Wilkes and King, 1984), which provide CNs for herbaceous, oak- 
aspen, juniper-grass, sage-grass, Ponderosa pine, and fir and spruce vegetation types 
based on percentage of ground cover density. The corresponding CNs were 
determined for each of the nine vegetation types in the Kannah Creek study area 
based on ground cover density and input into the vegetation spreadsheet (Appendix B 
- filename KanVeg.WQI). This information was weighted by the area covered for each 
vegetation type within an individual subbasin (Appendix B - filename KanVeg.WQI). 
This resulted in weighted CNs for each of the hydrologie soil cover complex 
classifications (i.e., A, B, C, D).
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The weighted CNs from the vegetation spreadsheet and weighted coefficients 
for the hydrologie soil equations from the soils spreadsheet were input into the 
subbasin input spreadsheet (Appendix B - KSublnp.WQI ). The weighted CNs for each 
of the hydrologie soil cover complex classifications were then input into the weighted 
hydrologie soil equations and an overall preliminary weighted CN was calculated for 
each subbasin based on the subbasin specific soil and vegetation types (Appendix B - 
filename KSublnp.WQI).
The SCS CNs were developed based on the assumption that a particular 
watershed has a 4 percent slope (Williams, 1990). However, subbasins located in the 
Kannah Creek study area exhibit a wide range of slopes with most average subbasin 
slopes exceeding 4 percent. Slope adjustment factors are found in the SCS TR-55 
(1975). These factors allow the user to adjust the computed peak discharge value 
obtained using the SCS Chart Method. However, Williams (1990) noted that applying 
slope adjustments to the peak discharge value for watersheds which contain numerous 
subbasins with different slopes was difficult to impossible and that an adjustment to the 
CN would eliminate this problem. Williams (1990) developed graphical adjustment 
factors which can be applied to the preliminary CNs to account for slopes ranging from 
0 to 50 percent; slopes greater than 50 percent tend to exhibit debris flow conditions. 
The preliminary weighted CNs developed for the Kannah Creek study area were 
adjusted for slope using the calculated average subbasin slope and the graphs 
produced by Williams (1990). Figure 3-2 shows the frequency of occurrence for CNs 
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Figure 3-2. Range of Curve Numbers for Kannah Creek Study Area Subbasins.
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the slope adjustment. In most cases the adjustments resulted in an increase to the 
CNs (Appendix B - filename KSublnp.WQI).
3.4 CHANNEL ROUTING
Routing of hydrographs through channel reaches can be accomplished using 
hydrologie or hydraulic methods. Hydrologie methods are simpler and involve the use 
of the continuity equation and a storage-discharge relationship, while, hydraulic 
methods are more complex and require the solution of the continuity and momentum 
equations (Bedient and Huber, 1988). Hydrologie methods were used for channel 
routing during this study, as detailed channel geometry and calibration data were 
lacking for the Kannah Creek study area. Additionally, due to the very steep channel 
slopes found within the middle part of the study area, the validity of either method 
would be questionable. Lastly, man-made structures (i.e., culverts, bridges, etc.) 
located along Kannah Creek and tributary creeks were not modeled as hydraulic 
methods would have been required.
3.4.1 Delineation of Channel Reaches and Measurement of Cross-Sections
The USGS 7.5 minute topographic quadrangle maps for the study area were 
used to subdivide Kannah Creek and the larger tributaries into smaller stream reaches 
for hydrograph routing. The channel reaches were classified as belonging to three 
categories based on their location within the study area, including those located within 
the upper, middle, and lower basin areas. The lengths of the various reaches were
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measured using a planimeter, the maximum and minimum channel elevations 
determined, and the channel slopes computed.
As part of a series of field reconnaissance trips to the study area during the 
spring and summer of 1990, a number of channel cross-sections were roughly 
surveyed using a hand held level, stadia board, and an engineers tape. Channel 
geometries were surveyed and roughness coefficients (Manning’s "n") were estimated 
at a number of points along Kannah Creek and along various tributary creeks. Since 
the study area covered a large geographic area, locations were chosen to represent 
typical stream reaches within the given area. Forty-five cross-sections were surveyed 
within the study area (Figure 3-3). Ten cross-sections were located in the upper basin 
area, 18 in the middle basin area, and 17 in the lower part of the study area.
Channel geometries (cross-sectional area, wetted perimeter, hydraulic radius) 
and roughness coefficients were estimated for each of the study area creek or tributary 
reaches based on data obtained during field reconnaissance. Data for each reach was 
input into a spreadsheet for use in further computations and storage (Appendix B - 
filename KChnlnp.WQI).
3.4.2 Selection of Channel Routing Methods
Three different hydrologie channel routing methods, Muskingum, kinematic 
wave, and modified Puls, were investigated for the routing of flow through Kannah 
Creek and the larger study area tributaries. Initially, it was hypothesized that the 






































upper part of the study area, from the basin headwaters to the mesa’s rim, as the 
channel slopes in this area have relatively low gradient (0.01 to 0.05 ft per ft) and 
attenuation is accounted for using this method. In the middle part of the study area, 
below the rim of the Grand Mesa to the base, the kinematic wave method was initially 
chosen for use. This routing method does not incorporate an attenuation factor; 
however, since steeper slopes are located in this part of the study area (0.05 to 0.16 ft 
per ft along Kannah Creek; 0.05 to 0.25 ft per ft along tributary channels), a minimum 
of attenuation was expected. Finally, the modified Puls routing method was initially 
chosen for use in the lower part of the study area, from the base of the Grand Mesa to 
the downstream study area boundary, where lower gradient reaches (0.03 to 0.06 ft 
per ft) of Kannah Creek are located. This method allows for the use of an attenuation 
factor and an eight point cross-section.
3.4.3 Muskingum Routing Method
The Muskingum method was developed by McCarthy and others in the 1930s 
(Chow, 1964). The Muskingum equation relates total storage to the sum of wedge and 
prism storage in a river channel (Chow, 1964). The routing equation, which utilizes the 
continuity equation and an inflow and outflow storage relationship, is as follows 
(Bedient and Huber, 1988):
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Outflow at the end of a specified time period At in cfs 
Inflow at the end of At in cfs 
Inflow at the beginning of At in cfs 
Outflow at the beginning of At in cfs
C0 =







K -  Kx -  0.5At
(3.12)
(3.13)
Travel time for stream reach in days
Muskingum weighting factor which varies from 0 to 0.5 for
the stream reach
D = K -  Kx + 0.5At (3.14)
A weighting factor of 0.2 is typically used to represent natural streams (Bedient 
and Huber, 1988). This value was used for the study area reaches that were 
simulated using the Muskingum routing method. The Muskingum K value was 








Travel time for stream reach in hr 
Length of stream reach in ft 
Average velocity in ft per second
(3.15)
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The HEC-1 program requires the specification of the number of routing steps 
per routing reach within stated limits, using the following equation (COE, 1990):
1 < 60K_____< _L (3.16)
2(1 -  x) (NMIN * NSTPS) 2x
where x = Muskingum weighting factor
K = Travel time for stream reach in hr
NMIN = Computational time interval in minutes
NSTPS = Integer routing steps (equal to number of subreaches)
The computation time interval was varied depending on the type of model simulation 
being conducted, and is discussed further in Section 3.9.
3.4.4 Kinematic Wave Routing Method
Kinematic waves dominate when inertial and pressure forces are not important 
to the movement of a flood wave, with kinematic flows often being classified as uniform 
and unsteady (COE, 1979). The kinematic wave method assumes that the channel 
bed slope and the water surface slope are equal and acceleration effects are 
negligible; therefore, the momentum equation may be simplified (COE, 1990).
Kinematic wave routing uses the continuity equation and a simplified form of the 
Manning’s equation that includes parameters related to flow geometry and surface 





Discharge per unit length in cfs per ft 
Cross-sectional area in square ft 
Time in seconds 
Discharge in cfs 








Cross-sectional area in square ft 
Kinematic wave parameter 
Kinematic wave parameter
The kinematic wave parameters describe various simplified cross-sectional 
channel shapes, including circular, triangular, square, rectangular, and trapezoidal 
(COE, 1990). The kinematic wave method does not allow for the incorporation of an 
attenuation factor. However, a degree of attenuation (up to 5 percent of the routed 
hydrograph) is introduced by numerical errors in solving the kinematic wave equations 
(COE, 1990).
3.4.5 Modified Puls Routing Method
The modified Puls routing method can be used for both channel and reservoir 
routing. Storage and outflow data are computed from channel characteristics using the 
normal-depth storage and outflow method, where outflow is calculated using the 
Manning's equation (COE, 1990). Additionally, the HEC-1 program uses an eight point 
cross-section to represent the channel reach, with distance and elevation coordinates
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at these points. The computed outflow and storage values are then used in the 








Attenuation of the routed hydrograph varies depending upon the length of the 
stream reach, which is equivalent to the number of routing steps specified for that 






3.4.6 Estimation of Manning’s "n"
Some form of Manning’s equation is used in the Muskingum, kinematic wave, 
and modified Puls routing computations. However, there are a number of limitations
The number of routing steps is usually equal to (COE,
NSTPS = __   (3.20)
NM/N
Number of routing steps 
Length of stream reach in ft 
Average velocity in ft per second 
Computational time interval in seconds
« • tw  .  s, - - S, . ^  (3 .19)
2 1 2 2 2
Inflow at the beginning of a specified time period (a I)  in 
cfs
Inflow at the end of At in cfs 
Storage at the beginning of At in cubic ft 
Outflow at the beginning of At in cfs 
Storage at the end of At in cubic ft 
Outflow at the end of At in cfs
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associated with the use of this equation. Streams that are subject to debris flows, 
have very high-gradients, and have the potential for channel scour during floods may 
not be accurately characterized by Manning’s equation (Jarrett, 1985). Jarrett (1990) 
stated that most hydrologie and hydraulic techniques presently in use have been 
developed based on data obtained from lower gradient rivers (gradients less than 
0.002 ft per ft), with nonerodible channels. Hydraulic computations may become 
inaccurate when slope exceeds 0.05 ft per ft, and as slope increases, the chance for 
scour also increases (Jarrett, 1985). The streams observed in the study area are 
classified as high gradient streams, having slopes greater than 0.01 ft per ft.
Jarrett (1984) indicated that roughness coefficients are much larger on cobble- 
and boulder-bed streams with high gradients than on similar lower gradient streams.
He developed the following equation for predicting the Manning’s "n" roughness 
coefficient in natural mountain channels with cobble- or boulder-bed material (Jarrett, 
1984):
n = 0.39Sf'3SR ^ 6 (3.21)
where n = Roughness coefficient
Sf = Energy gradient or friction slope in ft per ft
Rh -  Hydraulic radius in ft
This equation is valid for streams with gradients between 0.02 to 0.052 ft per ft and 
hydraulic radii between 0.5 to 7 ft (Jarrett, 1990). The equation was also used by 
Cheadle and Thorne (1988 cited in Jarrett, 1990) to predict roughness coefficients for 
streams with gradients as high as 0.09 ft per ft. The following equations for predicting 
velocity and discharge in mountain rivers also were developed by Jarrett (1984):
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y  = 3.81 R r  S/
Mean velocity in ft per second 
Hydraulic radius in ft
Energy gradient or friction slope in ft per ft




Qd = 3 .81A X  S/
Discharge in cfs
Cross-sectional area in square ft 
Hydraulic radius in ft
Energy gradient or friction slope in ft per ft





The above equations are applicable for relatively clear-water flow in stable 
channels with minimal bank vegetation, regular banks, and few obstructions (Jarrett, 
1990). Manning’s "n" values used in the Kannah Creek study were estimated during 
field reconnaissance and also calculated using the above predictive equation.
3.5 RESERVOIR ROUTING
Thirteen reservoirs are located within the Kannah Creek study area (Table 3-3). 
Twelve of the reservoirs are located on the top the Grand Mesa, and one (Carson 
Lake) is located just below the rim (Figure 1-2). The primary purpose of these 
reservoirs is to collect and store snowmelt runoff for regulated release as irrigation and 
municipal water supply.
The reservoirs vary in size, both in surface area covered and capacity, as well 
as in embankment and spillway dimensions. The records of the State Engineer were 
examined as part of the preliminary literature search to obtain available capacity and 
dimension data for each reservoir and to compile regulation records. The most recent
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1 Scales Lake No. 3 3 130 145 DNL 168
2 Scales Lake No. 1 3 204 215 DNL 200
3 Grand Mesa Reservoir 
No. 8
2 384 382 379 800
4 Grand Mesa Reservoir 
No. 9
3 153 332 153 270
5 Grand Mesa Reservoir 
No. 6
3 192 212 213 295
6 Carson Lake 2 520 637 677 875
7 Grand Mesa Reservoir 
No. 1
3 559 780 559 705
8 Deep Creek Reservoir 
No. 2
2 526 230 350 800
9 Hollenbeck Reservoir 
No. 2
2 464 420 503 1,575
10 Anderson No. 2 2 669 568 1,200 1,200
11 Anderson No. 1 2 467 466 467 670
12 Flowing Park 2 1,359 782 782 1,525
13 Chambers Reservoir 3 600 150 432 600
ac-ft acre-feet
DNL Data Not Located
Sources: 1. State Engineer Office. [1989b], "Engineers Inspection Report," Kannah Creek Study Area Reservoirs.
2. Jensen, D. R. and J. E. Patterson - City of Grand Junction, Department of Utilities. 1977, December. 
A Report on the City of Grand Junction Water Supply System.
3. Clark, K. - Kannah Creek Resident. 1991, March 21. Personal Communication with S. Sobczak-Bryan.
4. State Engineer Office. [1989c], Stage-Storage Data, Kannah Creek Study Area Reservoirs.
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Engineers Inspection Reports were obtained for each reservoir. The dams in Colorado 
are inspected annually (Class 1 or 2 dams) or periodically, once every 5 years (Class 3 
dams) (Cola, 1989). Hazard class 2 and 3 dams are located within the Kannah Creek 
study area. A Class 2 dam may cause significant property damage but no loss of life if 
failure would occur, while failure of a Class 3 dam will result in no loss of life and no 
significant property damage (Norfleet, 1990). The Engineers Inspection Reports 
provide dimension and capacity data for the reservoirs as well as identify the condition 
of the facilities. However, Vanover (1990) indicated that the capacity information listed 
in these reports may actually be the decreed capacity and not the available storage 
volume.
Some reservoir dimensions were not available in the State Engineer records. 
Therefore, as part of the study area field reconnaissance conducted during the summer 
of 1990, elevations of the outlet works conduit (outlet), spillway crest, and embankment 
crest were surveyed using a hand-held level and stadia board. Additionally, the 
dimensions of the outlet works conduit pipe and spillway were measured and the 
material type of the outlet pipé and condition of the spillway were recorded. Finally, 
the volume of stored water within each of the reservoirs were noted.
Stage-storage data were generally not included in the State Engineer records; 
however, information for four of the 13 reservoirs were located. Additional stage- 
storage data were obtained for 11 of the 13 reservoirs from the personal records of 
Clark (1991). Based on these two sources of information stage-storage data for 11 of 
the 13 reservoirs were located. However, these data were not complete for five of 11
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reservoirs to the elevation of the spillway crest and for 10 of the 11 reservoirs to the 
elevation of the embankment crest. Therefore, the missing data were estimated.
Stage was graphed versus storage for all available data sets and a line drawn through 
all points. The stage-storage curve was then extrapolated to the elevation of the 
embankment crest.
As discussed previously in Section 3.4.5, the modified Puls routing method can 
be used for both channel and reservoir routing. This method was used to route 
hydrographs through the study area reservoirs using a storage and outflow relationship 
derived for each reservoir. Outflow rating curves are computed by the HEC-1 model 
for 20 elevations, based on the range of elevation input data and corresponding 
storage data are calculated (COE, 1990). The number of routing steps is usually equal 
to 1 for reservoir routing (COE, 1990).
In order to describe reservoir outflow through the low-level outlet an orifice 
equation is utilized (COE, 1990):
Qd = cAc(2gh)e (3.24)
where Qd = Discharge in cfs
c = Discharge coefficient
Ac = Cross-sectional area in square ft
g = Gravitational constant (32.2 ft per square second)
h, = Head in ft - water surface elevation minus elevation at 
center of the low-level outlet 
e = Exponent of head
A discharge coefficient of 0.6 is typically used in the orifice equation (Wanielista, 1990) 
and the exponent of head is usually equal to 0.5 (COE, 1990). Outflow through a 
spillway can be computed using the weir equation (COE, 1990):
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Od =  clji: (3.25)
where Q, 
c
Discharge in cfs 
Discharge coefficient 
Spillway length in ft






A broad crested weir was assumed to represent the spillways in the study area. The 
discharge coefficient for a broad crest weir is 3.087 (COE, 1965) and the exponent of 
head is usually equal to 1.5 (COE, 1990).
The stage-storage data for each reservoir (up to 20 elevation points); elevation 
of the low-level outlet centerline, cross-sectional area, orifice discharge coefficient, 
exponent of head; spillway crest elevation, weir discharge coefficient, and exponent of 
head were input into a spreadsheet (Appendix B - filename KReslnp.WQI) for storage.
Lastly, during the literature search, an attempt was made to obtain regulation 
information for the 13 reservoirs. The State Engineer records contained regulation 
data for the reservoirs which included monthly storage volume, gage height, and at 
times volume filled, released, or evaporation change; however, daily regulation records 
are not maintained. Vanover (1989) indicated that water is released from the 
reservoirs as required between July 1st and October 15th, with regulation on Mondays 
and Thursdays. The reservoirs were considered full for simulation purposes, with 
starting water levels equal to the elevation of the spillway crest and outlet works 
closed. This provides for a worst-case scenario.
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3.6 SURFACE WATER AND GROUNDWATER INTERACTION AND DIVERSION
Recharge to the local or regional groundwater system within the study area 
occurs by infiltration of surface water transported in channels or by infiltration of runoff 
in the overland parts of the subbasins. Discharge of groundwater in channels or 
topographic low areas can ultimately contribute to the baseflow within Kannah Creek.
Loss of surface water runoff in the Kannah Creek subbasins is incorporated into 
the HEC-1 model by use of the SCS CN method. As discussed in Section 3.2, before 
runoff can occur, the initial abstraction, which consists of interception, infiltration, and 
surface storage, must be satisfied (SCS, 1972). Loss of surface water being 
transported within a channel was incorporated into the HEC-1 model by use of the 
following channel infiltration loss equation (COE, 1990):
Adjustments for channel losses are made after a hydrograph has been routed for the 
Muskingum and kinematic wave methods and before routing for the modified Puls 
channel routing method (COE, 1990). In the study area, Kannah Creek has been 
noted as a losing stream. An estimated loss in flow of 15 to 17 percent occurs from 
the top of the mesa to the City Intake, with a 12 percent loss from the intake to the 
Whitting Ranch, located downstream of the western study area boundary (Clark, 1991 ;
OF FLOW





Hydrograph ordinate after losses in cfs
Inflow hydrograph ordinate at time I before losses in cfs
Constant loss rate in cfs
Fraction of remaining flow which is lost
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Vanover, 1990). A large percentage of this loss is likely related to évapotranspiration. 
Therefore, a 1 to 2 percent loss rate was used for reaches of Kannah Creek below 
Carson Lake.
Baseflow can be incorporated into the HEC-1 model by specifying flow within 
the subbasin at the start of the storm event and the flow at which exponential 
recession begins on the receding limb of the hydrograph (COE, 1990). Clark (1991) 
indicated that 1.8 cfs was decreed to be released from Carson Lake to account for 
Kannah Creek's natural baseflow in the upper part of the study area. Presently, 
baseflow is artificially retained in the reservoir due to its onstream construction. Based 
on the estimated loss rates for Kannah Creek and a small baseflow, it appears that 
groundwater is not discharging into the surface water system to a significant extent, but 
rather that surface water is recharging the local or regional groundwater system along 
Kannah Creek. The slight northward dip of the geologic units which underlie the 
mesa’s basalt cap in the mid basin area, likely allows recharge to the regional 
groundwater system. Such losses are potentially transported towards the Riceance 
Creek Basin, with no significant local groundwater discharge occurring within this part 
of the study area. Additionally, due to the thick sequence of Mancos Shale found in 
the mid to lower basin area, groundwater recharge in this area is minimal.
An average baseflow value (19.6 cfs) was computed for Kannah Creek based 
on mean discharge recorded by the USGS (1989) for the months of July, August, and 
September. Baseflows were input for those subbasins that contained portions of 
Kannah Creek.
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Diversion of flows within a channel can be incorporated into the HEC-1 model 
by linear interpolation of input inflow versus diverted flow data (COE, 1990). Five 
operable ditches are located along Kannah Creek which are regulated to divert flow for 
irrigation or municipal water supply (Table 3-4). Two ditches are located in the mid 
basin area, and the remaining three ditches are located in the lower basin. The City 
Intake, located just upstream of the inactive USGS gaging station, has the first water 
right priority and diverts a maximum 7.8 cfs for municipal water use (Carter, 1990). 
Diversion of flows at this point occurs year round, where as the other ditches only 
divert water during the irrigation season if water is available (Carter, 1990). Daily 
diversion records are available for these ditches through the State Engineer.
Diversion of flow into the five ditches was incorporated into the HEC-1 input 
files based on two scenarios. Diverted flow was maximized by removing flow at a rate 
equal to the maximum capacity of each ditch, and minimized by allowing full diversion 
for the City Intake Ditch, while limiting the four remaining ditches to a flow rate of 1 cfs.
3.7 PRECIPITATION INPUT DEVELOPMENT
Precipitation in the form of rain and snowfall occur within the Kannah Creek 
study area. During an early spring or late fall storm event the lower part of the study 
area could experience rainfall, while snow is falling in the middle to upper parts.
Jarrett (1987) indicated that above an elevation of about 7,500 ft in Colorado, 
snowmelt runoff dominates and below this elevation rainfall-produced floods dominate.
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Table 3-4. Kannah Creek Study Area Ditch Capacities.
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Ditch Name Location within Study Area
Approximate Capacity1 
(cfs)
Raber-Coal Creek Mid Basin 3.5
City Intake Mid Basin 7.8
Kannah Creek Highline Lower Basin 67
Juniata 1st Enlarge Lower Basin 84
Bales, Williams, and 
Morrison
Lower Basin 3.5
cfs cubic feet per second
Source: 1. Carter, J. - State of Colorado, Water Division 4. 1990, May 27. Personal Communication with S.
Sobczak-Bryan.
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Additionally, Jarrett (1987) has concluded from available precipitation records that very 
few intense rainstorms have occurred above 7,500 to 8,000 ft in Colorado.
3.7.1 Rainfall
No rainfall gages are located within the Kannah Creek study area or in the 
nearby vicinity. Therefore, rainfall data used in the HEC-1 model were determined 
from precipitation-frequency maps developed specifically for the mountainous portion of 
Colorado. Precipitation-frequency maps for the 6- and 24-hr durations were developed 
considering topography and its effect on precipitation (Miller, Frederick, and Tracey, 
1973). Maps are available for annual (all-season) precipitation, 2-, 5-, 10-, 25-, 50- 
and 100-year return periods, and for the May through October season, 0.50, 0.20,
0.10, 0.04, 0.02, and 0.01 probability (Miller, Frederick, and Tracey, 1973).
The 0.50 and 0.01 probability maps were used to determine rainfall data for 
simulation of storm events occurring between the spring and fall within the study area. 
This time period was chosen since precipitation would likely be in the form of snowfall 
between the months of November and April. Rainfall data were extrapolated from 
these maps to represent 2- and 100-year design storms for thunderstorm or general 
storm scenarios. A 2-hr duration storm was chosen to depict a thunderstorm, while a 
6- and 24-hr duration storm was chosen to represent a general storm.
Five different storm event scenarios were considered for modeling (Table 3-5).
In the first four scenarios, a worst-case and average or normal thunderstorm and 
general storm were selected. The worst-case condition was considered to be a 100-
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1 Above average snowfall - Maximum snowpack to date (late April to early June):
a. worst-case (100-year design storm):
1. thunderstorm
2. general storm
b. normal average (2-year design storm):
1. thunderstorm
2. general storm
2 Average snowfall - 100 percent of average (late April to early June):
a. worst-case (100-year design storm):
1. thunderstorm
2. general storm
b. normal average (2-year design storm):
1. thunderstorm
2. general storm
3 Below average snowfall - 50 percent of average (late April to early June):
a. worst-case (100-year design storm):
1. thunderstorm
2. general storm
b. normal average (2-year design storm):
1. thunderstorm
2. general storm
4 No snowpack (late July through September):
a. worst-case (100-year design storm):
1. thunderstorm
2. general storm
b. normal average (2-year design storm):
1. thunderstorm
2. general storm
5 No snowpack - vary antecedent moisture condition of watershed soils (late July through 
September):




year design storm, while the average condition was chosen to be represented by a 2- 
year design storm. In scenarios 1 through 3, varying amounts of snowpack were 
present within the study area, ranging from above average to below average. In these 
three cases, rainfall is simulated during snowmelt. In the fourth scenario, snowpack is 
not present during rainfall events. Finally, the last scenario varies the AMC for the 
study area during a worst-case rainfall event.
In addition to the various precipitation scenarios described above, a variety of 
storm centerings over the study area were also considered (Table 3-6). Different storm 
centering scenarios were considered for the general storm type, as well as different 
methods of weighting the precipitation values based on topography. A storm area of 
100 sq mi was chosen in each case (Figure 3-4). This size represents that area 
covered (centered over the study area) by an elliptical design storm rainfall pattern for 
a probable maximum flood (McCuen, 1989). An area reduction factor was applied to 
the point rainfall values obtained from the precipitation-frequency maps to adjust these 
values for the larger storm area. The different weighting scenarios indicated in Table 
3-6 were selected to account for orographic effects within the study area. The study 
area was divided into five elevation zones representative of 1,000 ft changes in 
elevation (Figure 3-5). The third scenario for the general storm type considers no 
rainfall above 8,000 ft. This incorporates Jarrett's (1987) findings regarding an upper 
elevation limit for significant rainfall occurrence.
Thunderstorms are short duration events which are very localized in extent 
(Cudworth, 1989). Therefore, the centerings chosen to represent these types of storm
ER-4083
Table 3-6. Storm Centerings over the Kannah Creek Study Area.
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1 NA Centered over gulch 




2 NA Centered over Shirttail Creek 
(Subbasin 62)
2.13 NA 7,000
3 NA Centered along Kannah Creek 
at 7,000 ft
9.32 NA 7,000
4 NA Centered along Kannah Creek 





1 NA Center of watershed, centered 
along Kannah Creek
100 NA 8,860
6- and 24- 
Hour Duration
2 NA Watershed divided into five 
1,000-ft elevation zones
100 NA NA
1 Centered along Kannah Creek NA 8.49 5,900
2 Centered along Kannah Creek NA 7.13 7,280
3 Centered along Kannah Creek NA 10.48 8,290
4 Centered along Kannah Creek NA 11.42 9,450
5 Centered along Kannah Creek NA 31.58 10,630
3 NA Watershed divided into five 
1,000-ft elevation zones
100 NA NA
1 , Centered along Kannah Creek NA 8.49 5,900
2 Centered along Kannah Creek NA 7.13 7,280
3 Centered along Kannah Creek NA 10.48 8,290
4 No rainfall NA 11.42 NA
5 No rainfall NA 31.58 NA
4 NA Centered at eastern property 




msl above mean sea level
NA Not Applicable
sq mi square miles
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Centered along Kannah Creek and eastern property boundary
























events covered less than 10 sq mi (Figure 3-6). Point rainfall values from the 
precipitation-frequency maps were used without area reduction, since the storm areas 
were less than 10 sq mi in extent. Additionally, the storms were centered at or below
7,000 ft to incorporate an upper elevation limit for significant rainfall occurrence.
Hypothetical design rainfall input for use in the HEC-1 model must be formatted 
by depth for the 5-minute, 15-minute, 1-hr, 2-hr, 3-hr, 6-hr, 12-hr, 24-hr, 2-day, 4-day, 
7-day, and 10-day durations (COE, 1990). Data are input only for those durations 
which are applicable to the total storm duration being simulated. The first nonzero 
depth specified indicates the most intense part of the storm, with the last nonzero 
depth indicating the total storm duration (COE, 1990). The HEC-1 model distributes 
the rainfall data in a triangular pattern such that each specified duration depth occurs 
during the central part of the storm (COE, 1990). The model also reduces the rainfall 
data if the storm area indicated is larger than 10 sq mi.
Design rainfall for each rainfall scenario, formatted based on the requirements 
of the HEC-1 model, were input into a spreadsheet (Appendix B - filename 
KRain.WQI) for storage.
3.7.2 Snowfall
Measurement of snowpack and water equivalence in the Kannah Creek study 
area was begun in 1989 (Vanover, 1990). Long-term records (water year 1937 to the 
present) of snowpack and water equivalence are available at the Mesa Lakes snow 
course, located north of the Kannah Creek headwaters area, at an elevation of 10,000
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tut
Storm over Gulch Subbasins
Storm centered over Kannah Creek at 7,000 ft msl
t i l l
Storm over Shirttail Creek Subbasin
Storm centered overyKannah Creek at 5,800 ft msl
Figure 3-6. Storm Centerings for the Thunderstorm Scenarios.
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ft (SCS, 1989b). Measurements are made on or about the first of every month 
between January and June and on or about May 15th (SCS, 1989b).
Appendix B (filename KSnofall.WQI) contains a compilation of the snowpack 
and water equivalence data for the months of April, May, and June. Additionally, this 
data was sorted by month to determine the maximum and minimum values, and 
averaged to determine the associated normal values. Snowpack and water 
equivalence measurements were generally highest on April 1st.
3.8 SNOWMELT
The HEC-1 model has the capability to simulate snowmelt within a watershed 
using either the degree-day or energy-budget method (COE, 1990). The watershed is 
subdivided into elevation zones in which equal lapse of air temperature occurs. 
Generally, 1,000 ft zones are used (COE, 1990). The Kannah Creek study area was 
subdivided into five 1,000 ft elevation zones (Figure 3-5), which also corresponded to 
those used in Section 3.7.1 for weighting rainfall data.
The degree-day method was chosen for use in this study. Snowmelt is 
computed by the following equation (COE, 1990):
SNM T= COEF( TMPR -  FRTP) (3.27)
where SNMT = Melt in inches per day
COEF = Melt coefficient in inches per degree-day
TMPR = Lapsed air temperature - midpoint of elevation zone in F°
FRTP = Snowmelt temperature in F°
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The melt coefficient for this method is usually equal to 0.07 (COE, 1990). 
Snowmelt occurs when the lapsed air temperature is equal to or greater than the 
snowmelt temperature, and snowfall occurs during a precipitation event when the 
lapsed air temperature is less than the snowmelt temperature plus 2 degrees (COE, 
1990). As air temperature generally decreases 3 to 5 degrees over a 1,000 ft rise in 
elevation (SCS, 1972), a 4 degree lapse rate was used for this study.
The maximum and average water equivalence data discussed in Section 3.7.2 
were input into a spreadsheet (Appendix B - filename KSnow.WQI) for use in 
determining the water equivalence in the five zones. May 1st data was chosen for 
simulating a worst-case snowmelt condition based on the historic streamflow data 
indicating that annual snowmelt peak flow occurs between late April and early June. 
The water equivalence data measured at the Mesa Lakes snow course was assumed 
to be representative of snowpack conditions within Zone 5, top of mesa (9,800 to 
10,880 ft). Data for Zones 3 and 4 were estimated by assuming that these zones 
would contain one-third and two-thirds of the snowpack found in Zone 5, respectively. 
Finally, Zones 1 and 2 were assumed to contain no snow. Based on these 
assumptions, 77 percent of the study area is covered with some depth of snow on May 
1st.
Unlike the simulation of a rainfall event, snowmelt modeling requires the 
specification of a time series for temperature that is used to compute the rate of 
snowmelt within a zone. Temperature data is specified for the lowest elevation zone, 
with the model adjusting the temperature data by the lapse rate for all higher elevation
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zones. A number of different temperature averages and series were used during 
snowmelt simulation and are discussed under snowmelt results in Section 4.2. 
Temperature data for the Grand Junction area were used to estimate the typical 
seasonal temperature ranges.
Finally, as discussed in Section 3.9, an input file which described the Kannah 
Creek study area as a single subbasin was used for snowmelt simulation. This was 
necessitated as a result of the need to divide the study area into 1,000 ft elevation 
zones for snowmelt computation. The original subdivision of the study area into 
numerous small hydrologie subbasins did not correspond to the zonation by elevation. 
Additionally, as the SCS CN loss-rate method is not applicable for snow-covered 
ground, a different loss-rate method was also required.
The initial and uniform loss-rate method was chosen for snowmelt simulation. 
This method maintains a constant rate of loss after the initial infiltration loss has been 
satisfied (COE, 1990). Chow (1964) indicated that infiltration indexes, such as the phi- 
index, may be used in those cases where a significant storm occurs on wet soils or the 
intensity and duration are such that the rate of infiltration has reached a final constant 
rate prior to or early in the storm. The phi-index assumes that the volume of runoff 
equals the volume of precipitation less an average infiltration loss rate (Chow, 1964).
It was assumed for this study that the initial loss had been satisfied prior to snowmelt 
simulation due to the saturated or frozen nature of the ground surface on or about the 
May 1st simulation date. In order to determine the constant loss rate for the study
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area, the phi-index was estimated using a known precipitation volume, the resultant 
model calculated runoff volume, and the SCS CN loss-rate less the initial abstraction.
3.9 HEC-1 INPUT FILE DEVELOPMENT
Input data as discussed throughout Section 3 were used to develop a number 
of input files for use during this study (Figure 1-3). The input files use the HEC-1 
model format that specifies the number of columns (characters) per field, up to six 
columns in the first field and eight columns for the remaining nine fields, with right 
justification within the field (COE, 1990). A two digit (alpha-character) record 
identification code is used to distinguish the type of data category and the type of 
information to be found in the record (COE, 1990). The HEC-1 model reads this code 
and activates the appropriate simulation option (COE, 1990). The input file is 
structured in a sequence which reflects the topology of the watershed (COE, 1990). 
Data were input into this set format by sequence and record type.
Appendix B (filename KDesign.WQI) contains the list of design points, by. 
subbasin, used in the development of the input files. These design points are used to 
describe points of hydrograph development for subbasins, conveyance of hydrographs 
through stream reaches, hydrograph combination, diversion of flow, and reservoir 
outflow. Appendix C (filename KRoute.Sch) contains a schematic representation of the 
topology of the watershed by design point. This schematic indicates the pattern of 
hydrograph generation and routing through the study area watershed.
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The HEC-1 model requires the selection of a computation time interval, which is 
also equal to the duration of the unit hydrograph, for the SCS dimensionless unit 
hydrograph method the duration should not be greater than (COE, 1990):
Computation of the subbasin lag was previously discussed in Section 3.2. Initially, an 
input file was developed for the Kannah Creek study area that included 76 subbasins. 
Appendix B (filename KSublnp.WQI) contains the subbasin input data and includes 
the computed maximum computational time, based on Equation 3.28, for each 
subbasin. A computational time interval of 2 minutes was used, as the smallest 
duration computed for the 76 subbasins was 2.3 minutes. With a limitation of a 2- 
minute computational time interval, and a maximum allowable number of hydrograph 
ordinates of 300, only short-duration storm events could be simulated with this input 
file. Therefore, this input file was used for the various short-duration rainfall scenarios 
(i.e., 2-hr thunderstorms various storm centerings). Appendix C (filename K76.INP) 
contains a representative input file which utilizes 76 subbasins and a 2-minute 
computational time interval.
In order to simulate longer duration storms, a new input file that used a larger 
computational time interval was required. Therefore, eight of the smallest subbasins 
were combined with adjacent subbasins to increase the subbasin lag time and,
At < 0.29L (3.28)
where At 
L
Duration in hr 
Watershed lag in hr
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therefore, the associated maximum duration calculated using Equation 3.28. A 
computational time interval of 5 minutes was possible with the study area watershed 
represented by 68 subbasins. The combination of the eight smallest subbasins with 
adjacent larger subbasins was accomplished by weighting the CN data and then 
calculating the remaining subbasin input data for the subbasin combinations (Appendix 
B - filenames KSublnp.WQI and KDesign.WQI). Subbasins were combined so as not 
to adversely alter the hydrologie nature of these units. Appendix C (filename K68.INP) 
contains a representative input file which utilizes 68 subbasins and a 5-minute 
computational time interval.
Finally, in order to simulate snowmelt, the study area needed to be modeled 
using a one-subbasin watershed. As previously discussed in Section 3.8, this was 
necessitated as a result of the need to divide the study area into 1,000 ft elevation 
zones for snowmelt computation. The original subdivision of the study area into 
numerous small hydrologie subbasins did not correspond to the zonation by elevation. 
The combination of the study area watershed into one subbasin was accomplished by 
weighting the CN data and then calculating the remaining subbasin input data for the 
study area as a whole (Appendix B - filename KSublnp.WQI). A limitation of this input 
file is the inability to simulate flow through the reservoirs, as they are located within the 
interior of the study area. Appendix C (filename KSnowI.INP) contains a 




This section summarizes the results obtained from the simulation of a number 
of rainfall and snowmelt events for the Kannah Creek study area.
4.1 RAINFALL SIMULATION RESULTS
A number of thunderstorm (2-hr duration) and general storm (6- and 24-hr 
durations) events were simulated for the Kannah Creek study area to determine the 
average and worst-case runoff volumes. Precipitation for the 2-year design storm 
(0.50 probability) was used to simulate average flood conditions, while the 100-year 
design storm (0.01 probability) was used to simulate worst-case runoff.
As previously discussed in Section 3.9, as a result of the very small 
computational time interval required for use with the 76 subbasin input file, only the 
short-duration thunderstorms could be simulated using this model. A number of . 
subbasins were therefore combined with adjacent subbasins and a 68 subbasin input 
file was developed. This allowed use of a larger computational time interval and 
simulation of the longer duration general storms. During a 2-hr duration experimental 
storm, peak flow decreased by 2 percent using the 68 subbasin input file at a 
computational time interval of 2 minutes and decreased by 4 percent when the interval 
was increased to 5 minutes (Table 4-1). This small change in peak flow was 
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general storm scenarios. However, it was anticipated that the thunderstorm results 
generated using the 76 subbasin model would show a slight increase in peak flow.
During the initial modeling efforts, the kinematic wave routing results were 
observed to be unstable at times with respect to the degree of hydrograph attenuation 
depending on the volume of runoff. This method does not incorporate an attenuation 
factor, but, due to the mathematics involved in solving the kinematic wave equations, 
an attenuation of up to 5 percent can occur (COE, 1990). However, attenuation above 
5 percent indicates that kinematic shock may be occurring. Both the Muskingum and 
modified Puls routing methods appeared to be stable with respect to changes in 
attenuation. Therefore, use of the kinematic wave method to route flows in the middle 
part of the study area was discontinued and the Muskingum routing method was used.
Results of the rainfall simulations are summarized in Table 4-2 with diversions 
maximized, i.e., diversion of flow up to the maximum capacity of each ditch. Table 4-3 
contains the results of rainfall simulations with diversions minimized. In this case, full 
diversion of flow was allowed only for the City Intake ditch, while the remaining four 
ditches were limited to 1 cfs of divert flow. Thunderstorms of varying storm areas, all 
less than 10 sq mi, were centered over four different locations to determine runoff 
potential for each area as well as to determine the most significant overall impact. The 
storm area used for general storm simulation was held constant at 100 sq mi and in 
each case was located along Kannah Creek. In one case, the center of the storm was 
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over the watershed. In order to determine whether elevation significantly affected the 
resultant runoff, the watershed was divided into five elevation zones with precipitation 
estimated for each zone and then weighted to estimate the final input precipitation.
The third general storm scenario consisted of weighting precipitation for the lower three 
elevation zones to determine the effect of no significant rainfall above 8,000 ft on the 
resultant runoff. This scenario was simulated in support of Jarrett’s (1987) conclusions 
that significant precipitation does not occur above 7,500 ft in Colorado.
The thunderstorm centered along Kannah Creek at 5,800 ft (0.01 probability) 
produced the largest peak flow (2,277 cfs - diversions minimized). However, a 
significant amount of the runoff was a result of flow from the gulch area, Subbasins 73, 
74, 75, and 76, located near the western study area boundary. The largest peak flow 
due to a general storm was a result of a 24-hr duration storm (0.01 probability) 
centered along Kannah Creek in which the precipitation was weighted for the five 
elevation zones (2,954 cfs - diversions minimized).
The results of the various general storm simulations indicate that weighting 
precipitation for the five elevation zones impacted the peak flows only slightly. A 
difference of 1 cfs was observed in the 2-year peak flow and 82 cfs in the 100-year 
peak flow for the 24-hr duration storm. Eliminating precipitation in the two highest 
elevation zones resulted in decreased peak flows of 42 and 17 percent for the 2- and 
100-year 24-hr duration design storms with diversions minimized, respectively. 
Additionally, moving the storm center over the lower part of the study area also 
resulted in a reduction of the peak flows, 79 and 30 percent for the 2- and 100-year
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24-hr duration design storms with diversions minimized, respectively. Finally, the 
difference between the worst-case thunderstorm (100-year 2-hr duration design storm) 
and the worst-case general storm (100-year 24-hr duration design storm) was a 30 
percent increase in peak flow and a 35 percent increase in time to peak after the 
center of the storm had past
Jarrett (1984) has stated that the roughness coefficients for cobble- and 
boulder-bed streams should be higher than typically estimated using Manning’s "n" 
values available in widely used documents. Therefore, the worst-case general storm 
input file was changed to incorporate Manning’s "n" values calculated using Jarrett’s 
(1984) equation. Comparison of results generated using this input file indicated a 
reduction of 7 percent in the peak flow and an increase in the time to peak of 1 
percent (Table 4-4). These are expected results and indicate that attenuation in 
cobble- and boulder-bed streams occurs due to higher flow resistance.
Lastly, a comparison of AMCs was made to show the relative difference when 
storm events occur on varying soil conditions. An AMC II is typically used to simulate 
average conditions, with AMCs I and III being dryer and wetter, respectively. The input 
file used for snowmelt simulation, which represents the study area as a single 
subbasin, was modified for use with the worst-case general storm. Three simulations 
were conducted, one for each of the three AMCs. The results indicate that peak flow 
decreased 93 percent for AMC I and increased 437 percent for AMC III, while time to 
peak increased 50 percent for AMC I and decreased 17 percent for AMC III over the 
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4.2 SNOWMELT SIMULATION RESULTS
A number of snowmelt simulations were made for the Kannah Creek study area 
to determine runoff volumes resultant from average, below average, and maximum 
snowpack. Data from the Mesa Lakes snow course were used to determine average 
and maximum snowpack and water equivalence data. This information was then used 
to estimate average, 50 percent below average, and maximum water equivalence input 
data for use in the study area snowmelt simulations.
As previously described in Sections 3.8 and 3.9, a single subbasin was used to 
model the study area for snowmelt simulations. Additionally, as the SCS CN loss-rate 
method is not applicable for snow-covered ground, the initial and uniform loss-rate 
method was used. The worst-case general storm determined during rainfall 
simulations was used as an experimental storm to determine the initial and uniform 
loss rates which would most closely match the SCS CN loss rate. The intent was to 
accurately match the total precipitation loss, while concurrently maintaining the 
distributed storm loss. This was accomplished by selecting an initial loss-rate of 1.72 
inches and a uniform loss-raté of 0.0365 inch for this particular storm event. A 
comparison of the resulting peak flow and time to peak values are listed in Table 4-6 
for the two different loss-rate methods.
Snowmelt simulation results are indicated in Table 4-7 for maximum, average, 
50 percent below average snowpack, and no snowpack scenarios, including and not 
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was used to depict the worst-case rainfall during snowmelt simulations. A number of 
temperature distribution series were examined during modeling efforts.
Temperature data were input at 12 hr increments and were distributed by the 
model to accommodate the computational time interval. Results for two temperature 
series are listed in Table 4-7, including the historic average and the worst-case 
temperature series. The historic average series uses the historic high (mid day) and 
low (mid night) averages for May, while the worst-case series contains varied high and 
low temperatures above average for the first part of May and historic high and low 
averages for the middle of May.
As expected, the results indicate that the worst-case snowmelt runoff, 8,765 cfs, 
occurs when the snowpack is at maximum during a worst-case rainfall event, with 
temperature distributed in a worst-case series. As a comparative simulation example, 
worst-case rainfall with no snowpack results in a peak flow of 2,260 cfs. Worst-case 
snowmelt runoff without rainfall also occurs with maximum snowpack, 1,324 cfs. It was 
anticipated that runoff for the average and 50 percent below average snowpack 
conditions would show similar trends only with reductions in runoff comparable to the 
reduced snowpacks. However, this was not the case for the historic average 
temperature series simulation. In this case, the results for each snowpack scenario 
resulted in peak flows which were approximately the same (about 1,050 cfs). This is 
most likely the result of snowpack melting at a uniform maximum rate due to the 
temperature distribution being held constant. When the temperature series was varied,
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resulting snowmelt runoff exhibited the expected reduction in flow with respect to the 
starting snowpack conditions.
Finally, the difference in peak flow between the worst-case rainfall simulation 
and the worst-case snowmelt simulation (no rainfall) is 1,630 cfs, or 55 percent. 
Combining these two worst-case scenarios results in an increased peak flow of 5,811 
cfs or an increase of 197 percent over that for worst-case rainfall only.
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Chapter 5 
EVALUATION OF MODEL RESULTS
Simulation of rainfall and snowmelt events for the Kannah Creek study area 
produced numerous runoff values. However, the estimated peak flows are only as 
valid as the input data and the model. Many assumptions were required during the 
estimation, measurement, or calculation of the input data that were used to 
characterize the physical nature of the subbasins, channels, and reservoirs; and the 
amount, distribution, and type of precipitation. Additionally, numerous assumptions are 
required to solve the governing equations in the model.
Throughout Section 3, the assumptions, estimations, and calculations used to 
compute the required input data were detailed and uncertainties discussed. As part of 
a modeling effort, model calibration to actual data is usually accomplished, with 
optimization of estimated input data. However, in the case of this study, a number of 
parameters required for standard calibration were not available, including gaged . 
precipitation, detailed channel geometry data, detailed reservoir regulation data, and 
reservoir stage-storage relationships. Therefore, calibration of the study area model 
and optimization of estimated input data was not possible. The accuracy of the results 
obtained during this study, therefore, cannot be verified in the usual manner and must 
be viewed as general estimates and used with caution.
A number of regional regression equations for this general area have been 
developed for use with ungaged watersheds. These equations can be used to
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determine the accuracy of this study’s results with regard to a relative order of 
magnitude. Additionally, average daily flow data is available from the USGS for the 
inactive gaging station which was located within the study area and residents living 
along Kannah Creek have also provided visual observations for estimates of average 
and extreme flows within Kannah Creek and intermittent tributaries. These data can 
also be used to estimate, within an order of magnitude, the flow-rate potential for 
Kannah Creek, and therefore provide a means of checking the study’s results.
Regression equations selected for use in this study were chosen based on 
whether the input variables were easily measured from existing data. The equations 
developed by Livingston (1970) were used to calculate the estimated 2- and 50-year 
peak flows (561 and 2,530 cfs) for the Kannah Creek study area (Table D-1 in 
Appendix D). In fact, Livingston (1970) used Kannah Creek above the inactive USGS 
gaging station as one of the 173 Colorado streams to develop these equations. 
Estimated peak flows were also calculated using the regression equations developed 
by Kircher, Choquette, and Richter (1985); however, results obtained decreased with 
increasing recurrence interval and therefore were not used for comparison purposes.
The Hazen annual series frequency analysis method was used to plot the 
annual peak flow data, based on mean daily records, from the inactive USGS gaging 
station (Table D-2 in Appendix D). These data were plotted on logarithmic normal 
probability paper using the Hazen equation (SCS, 1972):
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F, -  (5.1,
where Fa = Plotting position in percent
nr = Rank number (largest to smallest annual flood)
y = Number of years of record
The 2-, 50-, and 100-year peak flows (380, 1,020, and 1,180 cfs) were read from the 
graph (Figure D-1 in Appendix D).
The USGS (1989) records were used to compute an average peak flow (415 
cfs) for the 64-year record, and the maximum annual peak flow (1,390 cfs) was also 
determined. The maximum instantaneous peak flow (1,640 cfs) along Kannah Creek 
was observed on June 6, 1921 (USGS, 1982). Average peak flow observed by local 
residents range from 600 to 1,000 cfs, while worst-case peak flow were estimated to 
range from 1,500 to 2,000 cfs (Clark, 1990; Vanover, 1990). Comparison of the 
simulation results for the study area indicate that the 2- and 100-year peak flows (329 
and 2,954 cfs) based on design rainfall are within the order of magnitude range of the 
regression equation, Hazen annual series frequency analysis, the USGS gaging 
records, and local estimates (Table 5-1). Additionally, the results of the worst-case 
snowpack simulation (1,324 cfs) are within the order of magnitude for the referenced 
100-year or worst-case peak flow values. Finally, the results based on the simulation 
of a worst-case rainfall event occurring during maximum snowpack snowmelt (8,765 
cfs) are also within the order of magnitude for the referenced peak flow values; 
however, the simulation results are in the upper limit of the range of values.
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Table 5-1. Comparison of Peak Flow Results based on Different Methods.
Method
2-Year Peak Flow 
(cfs)
50-Year Peak Flow 
(cfs)
Worst-Case or 100-year 
Peak Flow (cfs)
Regression Equation 1 561 2,530 NA






USGS Maximum Mean 
Daily 4
415 NA 1,390















Simulation - No Rainfall7
NA NA 1,324




cfs cubic feet per second
NA Not Applicable
SCS Soil Conservation Service
USGS U.S. Geological Survey
Notes: 1. Regression equations developed by Livingston (1970) were used to compute these results. Details of
computations are found in Appendix D.
2. Results computed using the Hazen Annual Series Frequency Analysis (SCS, 1972). Details of 
computations are found in Appendix D.
3. Reported in USGS. 1982. W ater Resources Data Colorado Water Year 1982, Volume 2, Colorado 
River Basin above Dolores River: U.S. Geological Survey Water-Data Report CO-82-2, p 265.
4. Peak flows based on USGS mean daily peak flow records reported in USGS. 1989. W A T S T O R E -
National Water Data Storage and Retrieval System, Water Year 1918 through 1982 data for Station No.
09152000, Kannah Creek near Whitewater, Colo.
5. Estimated by Clark, K. - Kannah Creek Resident. 1990, August 18. Personal Communication with S.
Sobczak-Bryan.
6. Estimated by Vanover, D. - Caretaker City Intake. 1990, August 12. Personal Communication with S.
Sobczak-Bryan.
7. Estimated during this study.
ER-4083 104
The chance of a 100-year design general storm occurring during the worst-case 
snowmelt condition (maximum snowpack of record) would likely result in a runoff in 
excess of the probable 100-year snowmelt or rainfall runoff and would therefore have a 
much higher return period. Additionally, as previously discussed in Section 4.1, 
accounting for higher roughness coefficients and reduced rainfall impact above 7,500 ft 
will also tend to decrease the estimated peak flows. Finally, increasing or decreasing 
the AMC will also increase or decrease the resultant peak flows. As the study area 
contains significantly different environments due to the large change in elevation and 
associated changes in vegetation, soils, and precipitation, AMCs within the study area 
could differ during a single event.
Comparison of the study’s results indicate that the model developed for the 
Kannah Creek study area produced peak flows that are within an order of magnitude of 
estimates obtained using a regional regression equation, frequency analysis, historic 
gaging data, and local estimates (Table 5-1). However, more accurate estimates are 
not possible as the model was not calibrated to existing data. Therefore, these results 




EVALUATION OF FLOOD HAZARD POTENTIAL
The peak flow results summarized in Section 4 were estimated for Kannah 
Creek at the western boundary of the study area. These values include flow from an 
intermittent tributary which empties into Kannah Creek downgradient of the study area 
boundary. This tributary conveys runoff from Subbasins 73, 74, 75, and 76 which 
cover an approximate 4 sq mi area. Flow within this tributary was included as part of 
the total Kannah Creek flow to develop a worst-case scenario for the property located 
at the western study area boundary. However, flow within Kannah Creek and this 
intermittent tributary will be examined separately to determine whether the flood hazard 
differs for these two potential sources.
In order to evaluate the potential flood hazard, determination of the flood stage 
is required. The modified Puls routing method used to represent Kannah Creek within 
the lower part of the study area computes the stage associated with each flow rate. 
However, the stages estimated by this method are not as accurate as those obtained 
using hydraulic methods which account for downstream effects. Input files for several 
storm scenarios were modified so that worst-case peak flows could be generated along 
the last stream reach for Kannah Creek and along the downstream reach of the 
intermittent tributary.
The worst-case combined rainfall and snowmelt event with an estimated peak 
flow of 8,765 cfs along Kannah Creek at the western study area boundary was
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determined to have an associated peak stage of about 95.3 ft local datum 
(approximately 7.3 ft above the channel bottom). The worst-case rainfall event with a 
peak flow of 2,954 cfs along Kannah Creek at this point had an estimated peak stage 
of about 92.9 ft local datum (approximately 4.9 ft above the channel bottom). Peak 
stages were also estimated for the last stream reach along Kannah Creek using higher 
Manning’s "n" values which according to Jarrett (1984) are more representative of a 
cobble- and boulder-bed stream. Stages increased approximately 0.3 ft indicating that 
the increase in stream bed roughness had only a minor affect.
The worst-case thunderstorm event had an estimated peak flow of 864 cfs 
when the storm was centered along the intermittent tributary, while the worst-case 
general rainfall event generated a peak flow of 892 cfs at the tributary’s outfall. It was 
determined that a peak stage of about 94.4 ft local datum (approximately 3.9 ft above 
the channel bottom) would result from a peak flow of about 900 cfs. This is 
representative of the worst-case peak flows generated by the various rainfall scenarios 
for this tributary area. Peak stages were also estimated for this tributary reach using 
higher Manning’s "n" values. Stages increased approximately 1.3 ft indicating that the 
increase in stream bed roughness had more of an affect on this reach. This was likely 
due to the lower Manning’s "n" values which had been initially selected for use along 
this reach.
The final purpose of this study was to determine the flood potential for the 
property located along Kannah Creek at the study area’s western boundary so that a 
construction site could be located above the estimated worst-case high-water level.
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Based on the stages generated using the estimated worst-case peak flows, a 
construction site located in the middle of the property appears to meet this criteria 
(Figure 6-1). The elevation of this site is about 109.5 ft local datum (about 21 ft above 
Kannah Creek’s channel bottom). The high-water level for Kannah Creek resulting 
from the worst-case combined rainfall and snowmelt event is about 14 ft below the 
construction site elevation. The high-water level for the worst-case rainfall event is 
about 17 ft lower than this particular site. Based on these results it appears that 
Kannah Creek does not pose a flood hazard for the chosen site.
As previously discussed, the intermittent tributary actually outfalls into Kannah 
Creek downgradient of the study area’s boundary. However, the tributary conveys flow 
along the southern part of the property and, therefore, overbank flow must be 
examined as a potential hazard. The downgradient parts of the tributary subbasins 
have badlands type topography, with the tributary channel being confined to a very 
steep-sided northwest trending gulch. Near the southern boundary of the property, 
flow is conveyed through two culverts under a road and into a very deep westerly 
trending channel along the property boundary. The tributary’s bank elevation is about 
9 ft (118.5 ft local datum) higher than the chosen construction site at the gulch’s mouth 
(approximate location of the culverts). Additionally, the construction site is located 
approximately 300 ft north of the tributary channel. The high-water level for the 
intermittent tributary resulting from a worst-case rainfall event is about 2.1 ft below the 
channel's bank. This level is further decreased to 0.8 ft below the bank when the 
higher roughness coefficients were used to represent the channel.






































Based on these results, the intermittent channel is not a potential flood hazard 
for the chosen site. However, restriction of flow at the downstream culverts could 
cause water to dam and result in minor overbank flooding. Additionally, due to the 
steep, sparsely vegetated topography of the gulch a potential exists for mass 
movement, in particular debris flows. Local residents have observed debris-laden 
(mud, rocks, and trees) flow within this tributary channel, resultant from thunderstorm 
activity in the late summer and early fall. Debris flows within the gulch can also cause 
blockage of the channel or the downstream culverts thereby restricting flow and 
potentially causing water flooding or debris flow movement in the overbank areas.
Mitigative measures for water floods differ from those used for debris flows 
(Costa and Jarrett, 1981). Flood proofing techniques include construction of structures 
with continuous wall or block foundations, constructing structures on fill, elevating 
structures on piles or columns, or construction of levees and floodways to protect 
structures (COE, 1984). Mitigative measures used to protect structures from debris 
flows include reinforcement of uphill walls, construction of breaking or diverting 
structures, and construction of debris basins (Mears, 1977; Hollingsworth and Kovacs, 
1981). Additionally, Costa and Jarrett (1981) and Mears (1977) have indicated that 
small trees growing on debris fans are capable of diverting large boulders in debris 
flows. The location of the construction site in relation to the tributary channel may be a 
hazard with regard to overbank water flooding or debris flow movement; however, 
these flows will likely spread out and dissipate with distance away from the mouth of 
the gulch. Measures which can be used to mitigate the potential debris flow hazard
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include planting of trees and shrubs and/or construction of an aesthetic breaking 
structure (earthen berm) upgradient of the construction site to divert potential flows.
An earthen berm will also tend to deflect overbank water flooding as well. As there is 
a distance of about 300 ft between the construction site and the gulch, implementation 




The purpose of this study was to evaluate the potential flood hazards for a 
property located along Kannah Creek at the western study area boundary. The 
objectives included simulating a number of worst-case precipitation scenarios for the 
Kannah Creek study area utilizing theoretical 100-year precipitation volumes to 
generate an estimated 100-year runoff. A flood of this magnitude can potentially occur 
as a result of a combination of several factors including accelerated snowmelt and 
heavy rainfall occurring simultaneously most likely during the months of May or June.
Existing stream flow, reservoir, diversion, precipitation, vegetation, and soil data 
for the Kannah Creek study area were compiled, and input files that characterize the 
study area were developed using existing and research-generated data. The U.S. 
Army Corps of Engineers HEC-1 rainfall-runoff model was used to simulate various 
worst-case rainfall and snowmelt scenarios within the study area.
Worst-case (100-year design storm) and average rainfall (2-year design storm) 
events were chosen to represent storm events over the Kannah Creek study area. 
Two-hr duration storms covering less than 10 sq mi were used to represent 
thunderstorms, while 6- and 24-hr duration storms covering a 100 sq mi area were 
used to represent general storms. Maximum, average, and below average snowpack 
conditions (maximum recorded snowpack, average, and 50 percent below average)
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were used to simulated snowmelt runoff events. Additionally, to construct an overall 
worst-case event, worst-case rainfall during snowmelt was also simulated.
A number of parameters required for calibration were not available, including 
gaged precipitation, detailed channel geometry data, detailed reservoir regulation data, 
and reservoir stage-storage relationships. Therefore, calibration of the study area 
model and optimization of estimated input data were not possible. The accuracy of the 
results obtained during this study, therefore, cannot be verified in the usual manner 
and must be viewed as general estimates and used with caution.
The largest peak flow generated, 2,954 cfs, was the result of a 24-hr general 
rainstorm centered over Kannah Creek with a 0.01 probability. In this rainfall scenario, 
precipitation was weighted for each of five 1,000-ft elevation zones and diversion of 
flow was minimized. The largest peak flow generated as a result of a 2-hr duration 
thunderstorm event, 2,277 cfs, was due to a storm centered along the lower portion of 
Kannah Creek at 5,800 ft, 100-year design storm with diversions minimized. There is 
a 30 percent difference between these two worst-case scenarios.
Eliminating precipitation in the two highest elevation zones resulted in 
decreased peak flows of 42 and 17 percent for the 2- and 100-year 24-hr duration 
design storms with diversions minimized, respectively. This scenario was simulated to 
represent the effect of no significant rainfall occurring above 7,500 ft. Increasing the 
roughness coefficient used to represent the cobble- and boulder-bed streams in the 
study area resulted in a decrease in peak flow of 7 percent for the worst-case rainfall 
scenario. Lastly, changing the AMC within the study area and simulating the worst-
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case rainfall event resulted in a decrease of 93 percent in peak flow for an AMC I 
(dryer) and an increase of 437 percent in peak flow for an AMC III (wetter).
The worst-case snowmelt scenario which consisted of the worst-case rainfall 
event occurring during snowmelt of a maximum snowpack resulted in a peak flow of 
8,765 cfs. Maximum snowpack snowmelt with no rainfall resulted in a peak flow of 
1,324 cfs. Combining the worst-case rainfall scenario with the worst-case snowmelt 
scenario results in an increased peak flow of 5,811 cfs or an increase of 197 percent 
over that for worst-case rainfall only.
The simulation results were compared to values computed using regional 
regression equations, Hazen annual series frequency analysis, USGS gaging records, 
and local estimates. The 2- and 100-year peak flow simulation results for design 
rainfall are within the order of magnitude range for all comparative methods. 
Additionally, the results for the worst-case snowpack simulation are within the order of 
magnitude for the referenced 100-year or worst-case peak flow values. Finally, the 
results based on the simulation of a worst-case rainfall event occurring during 
maximum snowpack snowmelt are also within the order of magnitude for the 
referenced peak flow values; however, the simulation results are in the upper limit of 
the range values. Although the study’s results indicate that the model developed for 
the Kannah Creek study area generates results which are comparable to other 
methods, these results can only be used as an order of magnitude estimate of 
anticipated peak flows as the model was not calibrated to existing data.
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Determination of the flood hazard for a construction site located at the western 
study area boundary was accomplished by evaluating the potential hazard associated 
with Kannah Creek and with an intermittent tributary that outfalls downstream of the 
study area boundary. The evaluation indicated that Kannah Creek does not appear to 
be a potential flood hazard to this site. The high-water level resultant from the wo rel­
ease rainfall scenario occurring during maximum snowpack snowmelt is estimated to 
be 14 ft lower than the elevation of the construction site.
The peak stage resultant from the worst-case rainfall event for the intermittent 
tributary indicated that this channel will not overflow its banks, with a depth 2.1 ft below 
the channel’s bank at peak flow. However, if the roughness coefficients for this 
channel are increased to be more representative of a cobble- and boulder-bed stream 
this depth decreases to 0.8 ft below the channel’s bank. Based on these results the 
intermittent channel does not appear to be a potential flood hazard for the construction 
site. However, restriction of flow by culverts located within the intermittent tributary 
channel, adjacent to the property, could cause water to backup at that point resulting in 
minor overbank flooding. Additionally, the downgradient parts of the tributary 
subbasins are located in a badlands type area, containing steep, sparsely vegetated 
slopes. Therefore, a potential for mass movement, particularly debris flows, exists 
along the tributary.
The location of the construction site in relation to the tributary channel, 300 ft to 
the north and 9 ft lower in elevation, may be a potential hazard with regard to overbank 
water flooding or debris flow movement. However, flows will likely spread out and
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dissipate with distance away from the tributary. Measures that can be used to mitigate 
the potential debris flow hazard include planting of trees and shrubs and/or 
construction of an aesthetic breaking or diverting structure (earthen berm) upgradient 
of the construction site to divert potential flows. The earthen berm will also tend to 
deflect overbank water flooding as well. Implementation of these types of mitigative 
measures are feasible due to the distance between the tributary channel and the 
construction site.
Future work associated with this study may include model calibration to actual 
field data in the event that gaged precipitation, detailed channel geometries, detailed 
reservoir regulation data, and/or reservoir stage-storage relationships become 
available. Additionally, debris flow analysis within the Kannah Creek watershed is also 
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GEOGRAPHICAL INFORMATION SYSTEM (GIS) DATA
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Disk 1 and 2 contain geographical information system coverages generated 
during this research project.
Software Name: ARC/INFO®
Version: 6.0
Table A-1. Geographical Information System Data Files.
Disk No. Export Filenam e File Description File Size (Bytes)
1 Soil.eOO Soil Coverage 975,006
1 Basin.eOO Basin and Subbasin Map Coverage 242,599
2 Veg.eOO Vegetation Coverage 1,081,336
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APPENDIX B:
HEC-1 INPUT SPREADSHEET DATA
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Disk 3 contains the input data generated during this research project. Data 
were stored in a number of spreadsheets by input category.
Software Name: Quattro® Pro
Version: 3.00
Table B-1. HEC-1 Input Spreadsheet Files.
Disk No. Filename File Description File Size (Bytes)
3 KSublnp.WQI Subbasin Input Data 128,246
3 KanSoil.WQI Soil Data for Curve Number Development 358,716
3 KanVeg.W QI Vegetation Data for Curve Number 
Development
188,720
3 KChnlnpb.WQI Channel Routing Input Data - 2 minute 
computational time interval
116,303
3 KChnlnpa.WQI Channel Routing Input Data - 5 minute 
computational time interval
116,303
3 KReslnp.W QI Reservoir Input Data 17,044
3 KRain.W QI Rainfall Input Data 30,884
3 KSnofall.WQI Snowfall Data 28,971
3 KSnow.W QI Snowmelt Input Data 9,808
3 KDesign.WQI Design Points 39,821
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HEC-1 MODEL INPUT FILES
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Disk 3 contains a hydrologie routing schematic of the 76 subbasin .model and 






Table C-1. HEC-1 Model Input Files.
Disk No. Filename File Description File Size (Bytes)
3 KRoute.Sch Hydrologie Model Routing 
Schematic
19,990
3 K76.INP 76 Subbasin Input File - Worst- 
Case Thunderstorm
35,645
3 K68.INP 68 Subbasin Input File - Worst- 
Case General Storm
33,700
3 KSnowI.INP 1 Subbasin Input File - Maximum 




U.S. Army Corps of Engineers HEC-1, 
Flood Hydrograph Package
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Table D-1. Regional Regression Analysis for the Kannah Creek Study.
Q2 =  1 .1 8 x 1 0 -M O862F -O332P 1813 
Q m =  4 .6 3 x 1 0 - M 0874^  385? ' 302 V 273
where:
q 2 2 -year peak flow in cubic feet per second (cfs)
Q50 50-year peak flow in cfs
A Area in square miles
F Forest cover in percent to nearest 10 percent
P Mean annual precipitation in inches
E Mean basin elevation in feet divided by 1,000 feet
L, Latitude index reduced by 36 degrees and shown as a decimal
Variables for the Kannah Creek study area:
A 69 square miles
F 40 percent
P 28 inches
E 9.5 (i.e., 9,500 feet divided by 1,000 feet)
L, 3.0 (i.e., 39 degrees 00 minutes)
Results using the above regional regression equations:
q 2 561 cfs ,
Q50 2,530 cfs
Source of Equations: Livingston, R. K. 1970, December. Evaluation of the Streamflow Data Program in Colorado: 
U.S. Geological Survey Open-File Report 71-182, 72 p.
ER-4083 132
Table D-2. Annual Frequency Series for Kannah Creek using the Hazen Method.
W ater Year
Annual Flood  
Discharge (cfs) n Q. F.
1918 336 1 1,390 0.8
1919 550 2 1,110 2.3
1920 1,110 3 758 3.9
1921 1,390 4 713 5.5
1923 713 5 702 7.0
1924 554 6 630 8.6
1925 152 7 598 10.2
1926 567 8 596 11.7
1927 478 9 583 13.3
1928 702 10 567 14.8
1929 758 11 565 16.4
1930 470 12 554 18.0
1931 466 13 550 19.5
1932 630 14 531 21.1
1933 472 15 513 22.7
1934 159 16 503 24.2
1935 565 17 496 25.8
1936 296 18 479 27.3
1937 425 19 478 28.9
1938 496 20 472 30.5
1939 301 21 470 32.0
1940 503 22 470 33.6
1941 453 23 466 35.2
1942 513 24 453 36.7
1943 286 25 452 38.3
1944 583 26 450 39.8





Annual Flood  
Discharge (cfs) n Q. F.
1946 244 28 434 43.0
1947 452 29 425 44.5
1948 596 30 420 46.1
1949 336 31 412 47.7
1950 262 32 389 49.2
1951 315 33 385 50.8
1952 412 34 384 52.3
1953 372 35 380 53.9
1954 198 36 378 55.5
1955 320 37 372 57.0
1956 292 38 344 58.6
1957 531 39 336 60.2
1958 598 40 336 61.7
1959 274 41 320 63.3
1960 278 42 315 64.8
1961 278 43 301 66.4
1962 385 44 296 68.0
1963 180 45 293 69.5
1964 389 46 292 71.1
1965 450 47 286 72.7
1966 253 48 278 74.2
1967 168 49 278 75.8
1968 380 50 274 77.3
1969 204 51 270 78.9
1970 420 52 262 80.5
1971 195 53 253 82.0






Discharge (cfs) n Q. F.
1973 440 55 220 85.2
1974 293 56 204 86.7
1975 470 57 198 88.3
1976 220 58 195 89.8
1977 58 59 180 91.4
1978 384 60 168 93.0
1979 378 61 159 94.5
1980 434 62 152 96.1
1981 270 63 96 97.7
1982 344 64 58 99.2
cfs cubic feet per second
NOTES: 1. Source of data in the first two columns is USGS. 1989. W ATSTORE-National Water Data Storage
and Retrieval System, Water Year 1918 through 1982 data for Station No. 09152000, Kannah Creek 
near Whitewater, Colo.
2. Q a = Annual flood discharge sorted in decreasing order
3. Plotting position Fa = 100(2n-1)/2y where n = rank number and y = number of years of record
4. An annual flood discharge was not listed for water year 1922 due to an incomplete record for that year.
